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Vorwort 

"" 

IM turn ....... 'l>q ooh'C,.J,~n Sof!"='ool ... ""tC A,-.embln' 
I I I . 

, 
mrnh<'I".w .... kmn &. '"1<1\''''''". Lt-.er bc'In' I; kktlOO,l 
In Iktrmkll'l(hc Anlwl~I ..... ellxn 0.111111 \Qlhe I 
'heg ,n <I ... Pror:r"nn"<Nn~ d .. AVI/.-.\l,lroconllolk. 
S<h, .. tn~lcl1(n bc..:Mn l 'm.x-n !:.ln'ueg noc h "'-e'ler 711 
,l'I<n .... "lrn ,n'~c"'nll.",bcn An .. cll<lu"t.:en ~ \l,ruhrhch 
,lien 0 .. b",,(lU~I<n SWr«\."CJJ<:. "00 .t>jI:~ ruck! ulld .", , A.'; 
t>kr- L)>I< .. n "ul !kr Cf) ~h~lcjl:! 

, " 

Einleitung 

ß~, <1<'. AVI/. -M'~''''<li\IroIlc-, h",olw ,-_ At"..1 hlUl&lI Q lKh l1/li 

!I·ß,I M,l'<o.:.:.n(ft>Ucl m .. RISC·Anhullw IB~uad 1n>tru.:t"", 
!ict ,"0""1"'1<"1 fur d~ I/IlIffKIucdJ"hwn AnOO'C'ndungtTl. Scttun beI 
tief I'_nt"'"klun, 010:. AVR·M,k'O«><\tIl>lk.1IaI Atmcl..,1tr cn~ mil 
fkNdkm 'on " o<h.,......,n.,n·(' ","",km tw.amm<'ngarbc.ucl. um 
dlt" An;h,ld.tur und den tkfchl"'-l!z 'ur den wlllf"l ... n .... C -("ode 00 
efl",em " '~ ",.."I",h tu ,e.t.l!'en I)OC!it. Bud.lx",hr.:.hI d,e Ar­
dlllülur der AVR·M,k" .. :omrolkr. dlC Soflwan:. und Il.m.l"'~r<: ' 

En1\'.-,dl\l"~'I""h W""" .",b.c" ~u.( .. Itr",h t.e ... hnd.::ne All .... n· 
dun!!"" 

Ln K.l'>lld l ... rrd <'''' 1ur", bnllLhrunjl: on do. AVI(. \I,kI"lXOOlrolkr­
Ar~h,!.~!", *c~d: .. n, 1'.1 werden alle ,,,. zu, DrucU.gung d, .... 
Bu.;ll" ,'.rlll~b;u-c,n MI~ro.:onllolk")'pcn d' .. ...,' hlm,h .. mll ,h,en 
hMen",h.d .... ~~~d .. n, An",hhdlcnd ... -erden d'e ,mpkmen"el' 
I"h ''''npllen. Modul<- ~Url ,,,,,,,strllt Ab,..Khl00.scn ... ,rd d,.c, 
Kal'".1 mU eon.r a .. ,fllh.Io.·hen hl1u,crunjl: dcs AVR-\1,ho· 
,000tr(>Lk,·lkkhl ... .,., AL, bpnrunl und w "col<:rfllh~nJc l.,. 
lCr3!U' beflnokn ",'h d,e ~"ml'lcU.n D-~lcnbL.ln .. ;<IleI ,n d,esem 
8~ch "orge'!en"," AVR-M,Lr«ooltoILcr ~;. PDr-Oate. auf tkr 

1k.1<-,'·CO 

I)'e ,ur ProjI:,."mmtnl .. ",LLun. brrKIto"en Solt" 0U"e' TooL' "erdm 
,n Kal' •• el 1 "o:>rJC".LLt Ik. A!mel AVR·A, .. mblcf .... ,rd on t""'. 
\""",on. c, ..... rUf \lS, OOS und .' ... fur \1 ... """fl W,IIdo .. ~. a .. ,):c-
loden 0.. ... , A, ... mblcf .. """"hd, ........ ,noa,,,, '" .\11!.<h, ... ocodc 
u,n. tkl.Lnn ," doe AVR·M,kroconlroLlcr prop;unrru<n ... .....sen LAnn, 

' .......... 

7 



1 Einleitung 
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lu. «11 1'III,ur, ,,~l ....... 11 \lIl""'''''lwlkm '" CIII d.u,,~(h(lnt:n 
1'r,,!! • .ü'\llUCfJC,.1 .. n"I11~:II'fl,,'h [).""I OC. In!e"'''I~''e L. .... , cln 

cml .... ·1\N ,,11d 1"",,".11« Prot:,.unm"''1!:cfilt (u •• he ,\\'k· ~ll~''''' 
,."',twlk. crlulL ".rJ In ~.pMI ~ <In ~Id"" G.,r.1 ..... ml ikr """". 
II~,'n 1'('· ~"fl"~" ""t:C'klil I), ..... n ,\\' R -~, "'n ....... ' I..nn der 
1..,..,- .... I\>c-, " ... hNuen , ..... , r.:,m Fkll""'ul t...kn UlI'kutlold C"" 
.... An!ulo. ,\ ~ I .... ""'Ikn !-U, d..., ~.hoIxf>('n ,\Ml'f\I'h" r.:, der»ro. 
p.,""ro:nl"'k'll .. n~ ",1\1 ocr /\\' R In.('"'I\."\)III'--"'<II.,IO< ,\'NOIC"EPI/,O 
""1!:C'OIcll! 1'0' (In I"kr.:~ lI~rd ..... .,-T,\(I1 muß ,'''',, ".ar I.,<k, 
",m~ l.u,,·IklI)\1 r.:,.,hkn. ~r.:1 c' "~k'hl ",h (u' den rroC(",~ 
nrlkn 1-,nI" I,lkl .... h, ",hl'l<ll \>c-fJhl! 

1\" I,hl, ",li." <1110.'" S.,·h, ,.,h,1I I><'",r ,1, .. n B"I'plcL Au, .hc",m 
(;l\Ind ,,"" 10 ~~rltd ~ m,~(,.lml , ... brn unlcr«;h,cdlldl<: /\n'",n· 
dun~"n auf,.h,tcl JC'<k "n""lkIun~ ",rd ou,flih,kh I>c>clmcbc-II 
.. nJ .Je. "'''',,",:n''.!!., A,,,,,nbk,· SOUffC\.',>dc: "lfd an~cilelxn D!e­
"" "I :weh .1, 1l.1., aul dH lk~l(u-('t) IU hnckn ). hlnxonlrolkr 
1-,1.",'" "",,,I c.'" s,,'hnllhldk ." I...:""n dem M.n",hen unJ c"",m 
(ift., <>.Ir, CI"," \!J...:hlllC 1. .. d"'<o.-,n I."",l n .... "en \1,l'<Xon' 
'n~k, \Ifrl.\k tmpl.nll<"n ulkl!AA, atnd<:n \1" "1lIk,,,n Woncn' 
I»< lle''I*"II''''1l",nomo ~11c,nc """,hen lum Au'rrobl<:",n n",hl ~II', 
1"Ic,hAll- "u<l ru 8'-',1111.1<-. ~.plld, ~ ~Inc A\"R-bpe"m~n. 
h~'l'I.""" hc"h.othcn Dot-.: ". In ik. ~. ,\VII. _ \lllrocomrolk, 
,m 1'1)11'. YI-Gdljo .. ~ .ul,unchnl<:n AII~ ,n <I ... ""m Bu.;h bc- ... hn<:­
hc1Itn A""~ndu"",n lJ'>nI , .. h mll\k. AVR·!: \peo""'n"erpl~l1"" 
IN\J ~ .. r....- "" mduntt"I"'IIr. .... hc1I B3IJ\clkn ",~h''''",n 

2 Die AVR­
Mikrocontroller-Familie 
In <I,~ onl K.11,,'d ~Ird'(" A\'I/,-\t.ln_ ,,·,,·.11 "~",, ,h.· 1''' 

~","" S.o,: h A .. :lN"" .. 11.., 1 / "·,Iu,.t·.",, 1\\' M -\l,uO!. IIr ,Ik, 
'T) 1"<"" 11110.1 ,k"'n hf:~n.ct, I'~II." IR' ~,n. I' mfuh", ... Ul <I1~ 1\\' 1/,-

A",h1!c~1Ur F<,rhcn "'n .. :hlotllcncl .. nden doe A<ln .... u-run.,...",.. 
und ~Ut 1 die I'<:(lr"'""" <k, unl<!'."h",dli<.-r.:n "'VR· f)l"<"" ..... ,,,.,,' 
"","n Ah,..",hl"SloC1l ",N ~.II'''<I ~ nll' .,ner ;nr..,fuhr1I"~ 1).\1"' 

',dlunF lies 1.""'r1ell,·n R<khl. ... "". Il" \)~I.nbbl1er 311<-. In die· 
",on K~r1!cI """,,,hrochener AVR -\11~rOO<<'I!1,."II<,- -I)'('<n hd mikn 
"< hai, 1'1)1' ,I.).I<·,,-n on' V,·rt. "Ion .. 11)." .. ul de, belhc(cnd..·!l CI) 
(,,~hc Anh.lnS ,\ I), 

2.1 EIgenschaften und Typen 

D.e """,nlll,II,'" I, I~~n", h.u,'n <k, ,\VR· M,kroo.;OOlrolkr-rallllllC' 
,,,,d, 

• IIQ I-In· W.'f1 Iklehl< (At'X\S 1 ~OO) 1:>/" IllI hl' 121 Eln-W"" 
8cfd.l< 

• b" alk Ser,'h'" bc-f1CIIII"" nm .",.n ~I .... h"lt'n/j klu, (I a 
12~n,hf!~MH/' 

• Ta~II"",,",nl 'u~ IX h, """"n~112 ~lIlf 

• 16-811 br.,le acr.hlc 

• 1I-8n t>rt-IICf O.,..,,1lw 

• ~12 W..nc hiS M ~ Worte ,nI",",,' ~LASH lur 1"rojI:'''''''!'Ie 
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'~Gel · •• 1 Pu.l'" .... R(I,·I<. (GI'RI 
, 'IAlWSl2001 bt .. SIXkp'IIOI( 'm '.lL.d 11 ..... 1""",· I ... 

SRA\I 

1>,,,,~'o:- Ind,rd"· und Rd~",(·AoJ","Kf\ln, 

In.c"",. Au"', K, .. , .. ....al .... 

11. 8n Tlrro:.l("ountr. m" I"II,r,unm",f"b;.IKn 1().8" \'ort., ..... 

1b-8,. n"o:,l(:""nl« "''' C ~I"u,... Comf"'''' Mo-k 

I b" 1 P .... \1 "~k' 

10-8" An~I",;lI)'II,.~I""'.u'llJI", m1l ~ tCnule 

, b .. 4~ L/O·I.,,"ung,n 

W",~hJo, tin"" In" ,h'l',n'cmrn RC .Q.."UJlOI 

"""r~m"" ·rto.uc ~,,""ru"g gog-on ~u.Ie",," de\ Programm· 
,...J<. 

I),c .'Md .... " ... m,loenm,l,hw..1 u01<l de.-.:n ht.ß>l:haflcn fa& Tu. 
btllf :.l/uuonmrn 

GoUll ,roh bnn m.," oll<' .,n/d""n 1)l"'n on folgcnd.: Kalcgoncn 
unte.I.,!.:n I),:. AT90..~ I 200 "l dJ' lk,n.'t .\"'g1tcd der hm,lI. 
Iit , •• fd~1 ,nI o.~.n,",11 IU alkn obng.n AVR'1)!"'ß dbe. ('""n 
lI ... d" .... c· !\I"",~ uno.l ~.,n ,nlC""" SRAM tSt.II,"" ..... ß.;md;unAc.;e,> 

Me""")l 1· • .,...,.!..ann dcr A"f'IIlS I.!OO <kn SI"'",IIo. nur d,,...kl 3d..: •. 
"'''rn Ik, '\"1\IOS1.' I' h,nttrl"'n ,., cu .. deullo"", l'..rwencrung LUm 
Al'IOS 1::00 Er •• rfu~' ,m \'c,!k«h LUm A"fIl()S 1100 ubor den dop­
.... 1I.n I'rnf:'Jn\lll- und FF J>RO\I-Sl"'o:hr. rt;l«llKany Er ... <:Ibk anJ 
~1tI'"",,,,...bk S • ...r 0It1) M.""")) \Ol,,1t bbc. 128 8),c~ SRAM. 
C' .... n liART t!.:n"cNl A')ro:hrunoo. B,«<:"·Cf oII'Id Ifllfl.\.mnc.), 
rmrm 1b-8" n"",.lCoomtr. und .. ro:m PW\1·Kan;t] lful~ IDd.h 
M·..lII>I",) l>tc 1") prn ANOS1 ,~) und A1'9OS2J.1J .. "" In .,,,,,,m 
M.po!'$<n Gch .... 'C u!>Ir'$.t-n.:hl S.., "nd oII1\Ol.hlCn. qe.c""'n ~0f'I 
der Pmpbcl><, nu. dem Al'IOS~'O \c,!klChtw l>tc rl.>Ch,tc K3. 
1"J'lflt b.ld<n oJ .. bc.oo. T) prn Al"Qi()S.I414 und A1"9OS8S 15 Ik,tk 
I !d too'lIIl dl< (i."., d<f $I"'"hr. odc-nU",h Ana)oKc~ "'1 rUf d,~ 

• -
• 

• • 
! • 

,H-::-" 

, • 

• 

2.1 ElgtnschaHen und TyJlt'n 
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n""n A'NIlM...j\.l un.! A1VOS""~ Ion (;e~cn""l1 tu tkn 1)f'<'11 
ATVrJ\-I4141n'1<l ANOSS~ I ~ t>c"I1(n , .. <""'" lo.8n AIIJlot:tD'ji:r· 
,~i. \\' 1rI\l1(1 mll ... 111 ).;.lJl.lkn [) .. k"'~ K"~J'>O<' trll&n <Ir< 'J}f'<'11 
AT .... dO' und AT!!.., ..w~ mIr (>oH W"ndll'" '~l W,101<" 

2.2 AVR·Architektur 

0. . A\'ll; _ Mll,u.;, ",,,,li,,, h"ruh~ "'e,., M,.,l_Sc ~ul. d", tr.:r RIS(" 

(&"""-.;V In,'''''I1'-''' :i<" C '''''J''' '" \ "'1'lc-llltnl ... n ,ond. A b",,,,,,trc:nd 
,,'" ...-..kren C""lr"lIeln. dIe cl .... n Ru. tUI Befehle und Dollen 'CI' 
,,<nrk ... (,,'" "-:Ulturul-An;h"dlurl .• c,,",,·rr.k' die! A\"II;·b.nllhc 
''''(1 ,(IR;1\llI,' Du,,*, un.! S""l<hel fUI Bef.lII< und D~I(o (HJ":ud· 
"'I<h,lellu. ) 1)...JIII<h l-t C' mo~ll<h. ", ..... hl<:<kll bn:llC 8u • ...- (ur 
[)1I<n und !lefchSc IU !>toUI1(n [)'" AVR, lut.:n CI""n !i-Su b~,· 
Ico Ru. tur [)"I<II und .,11(0 Ib-811 b",ucn Bu. fUf Befchk Ou"h 
deo !-oellC"," 811' Iur <I ... 1I<lclll< "1 c. moJhcll. [".( .. He adelllc Jh 
1- ,n- \\'(\11 Belchle IU " .... kl"""llc ... n [Joun;h d,e cln"Urlge Pif'Clm" 
l.m"_ ""h",nd c,o 8010hl olu,~cfuhn « .. d, tlc. Oa,:h.le t.:"'ll' "U' 
<lrm 1'r"~'."'m'Jl<'rchcl ~(""1t ".,deO Dor I'n:r~ ... onln/,;r.hle. (PC. 
~~n"n C,,,,nlerl "I. ~ 11.><11 AVI{ · ~ 1rlro,,'olrollef 'J}'r und d:",,,, 
J<" o .... h 1'n>~r.",,,n'rr,.hrIJrt>Ik. ,,,,,..:hen 9· und 16-8,1 bn:,1 und 
""f'"","1 ",h IOn IIO.Adrc/lbc:le,,,h I,. u 1 W""",,,,, erO." ImefTUl'I' 
(Ido. 1><'110 "'lJf",f~o ",ne, UO'clf1<Oll:f\lmm""'I"'" '" orcl tk. Inhall c.Ic. 
11(' oul <!cu Sl .... l ~b~~I.~1 Oe. AT90S I ~OO .. erfugl ubo. c' ..... n _'. 
1.('1<1 H"'~"""'.S,.d Alk .rr.k",o AVR·\tr~rocofllrollcr 'J}'~o 
I',~<n <lcn SI.><l 'm S(.tA~1 "" und "~Ircn ubor .'nen SC""l'!?Nnlc' 
'SPI ..... f .. Ir<...," IU Ikl ~'''''l·I\.'n! ... ,., 16-811 !-oell und bcfrl\dc • 
... h .hcnfall., n 1IO.,\Jldlr.r.um 

- _ _ ___ --!2~.2 AVR·ArcnltekCur 

,...,hrn. doc d,n I1 r1ber <kn I )( '1-IIc:fch! a!'oJ<<filC' .. n ..... ,dn, 1, " I 
11(11 Ah"fTI..lh'. in'C'Q ,,,,li d_ \!C )·Spetchen!cllm "" A.:!.,;,i ' •• ,., 
S:!Ob". \\I· I, l)oIkn'I~ .. I~",Vl~"'" 

~ ... ~ 
, -.- -.- ~,. 

w ...... , <- _'''' 
! 

\11."",,"- • n. , 
R.g .. ' .. 

_. 
""' ..... 

! f ROll ..... 

In ... ~<c"'" 
g.<,~ .. 

, rl ",,:7 I 
, 

• !I 
C .... llo1 Uft .. 

i 
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j f ~. 

l -

.... ..." ..... 
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Ilr. C""""IIc,lcrn .~rfll~' uoc' e'l\(" x- B" ~ue ALt· (6,mb,,,."I< 
1.<>,.", !.rnu I, II,~ lU",n"""n InU den ,11 Alll'.cd'f<1I:"'c. (GPR. Uc· 
I\("r~1 L\"l"'~ K~",,<, RU 11. 111. ,m [,'IJC""kn O>nl .. " nu' R~" 
"~er JC"W'''', J,n:l, H.bunJrn ,., Ihe,,", .11 Re~',,'" "n.J un~cf~"r 
....... , .... ~, N' .an..lcn:n ~hl"·.'-""''''lkm.Jer Allumul ....... , •• Alle ,12 
Mt"",·, .. noj IOn Aolrdlnum.Je, lAAcll>l'<""·t..." ~c,,~ l.iaro ,~cr 
mehrl lIe,n, A1'IOS1 ::1.I01l..,n.,u. ktt"· ReJ"'c,. N,.Jen "",Jen:n 
'-.m,I..:"''''''h .... lcm 11", leU'en 11,."11.<-",,,·, .1, Po,n,« (/..",e<) 

IM ALl' '" ,n.sc, 1 ... \dIl'''''''_ Su"' ...... UQII. Sh,f, (1111 ..;h,et,<,n) 
un.J I"" ... he Üf'Cr."oncI'J <!u,,'h,ufolhren Sn UM In.ln tJ,,"fwl,­
... c'''' c,,,,, .. \J,J"" ... (",,,,hen <Jen Rell"',,m 11.1 un.J R1 un.J d.Lo. 
""",hhellende 1""''''''l'l'<"I<hem <Je, Etrehn"",' In e'l\("\ <k, N.<kn 
Re#"le. on c,nem Bdchl mU c,lIrm lül", .u,folh",n. At>h.,on~,~ 
"'''' Au, •• ",.sc. Vcr\nul'fun, ... "" 11..: ALl' I·l.~, ,m STAl1JS· 
IIc~'-4c, tSRH;) 

Ilrr lu~nn .ul <kll 1);',cn'I'<",,·hcflxn: .. h (al'lO 3""h ~ul d,e IIctl" 
" .. 1 bnn m,t ,n'~,,>nW h,n, "dre'"Cl\lnll>.lncn crfol~cn I"che 
,'''...-hm .. 2 .1) , 

2.3 Speicher und Register 

2.3,1 Programmspoleher 

I)". l'r<'j:r~'"""I'<"'hc-r l'oo., <Je. ,\\, R· \1 'lR.lO<'mrollc. I':mul", ><' al< 
~b>h .... ,~duhn ulloJ ,>I 1 I>-Bn bt-cll 1-13>h·Spe-><her t>,ClC' dl:n v", . 
• r,L d.all '1,' clcl.n...-h I"o~'~'nm..:.- ulk! .""h clrltn""b ",eJe' 
l""hNr und [)". Vn'Ch"""'f'tO<he. ' ... ""n<k>lcn, 1000 mallO>cb. 
In<! """t~"'m",rb.u-

2.3 Speicher und Reglst4tf 

"". ,,' ~, lO,aI 11011,11<" '1Ir \l'~I<O(OIl'h,11n ,ndr, s.;ho.h"',, ,jn· I 
Cu,'unl ll,l I"ot:.:o&mk'fn nu" _<Jen doe A" ... hI"" I>BS t>" 
j>81 'c .... cn..kl Ikr AY R-I'rOJl ... "fIlCr, do:t' ,n K. ... 'ul ~ ',~Ih 
... ud. '· . .... e ''<kl aullK bhcl!l ... " ,h. kflellc PfOJnf'l!l>tt"f\Jn, 

l'Kr I'rotIr~n""'pcll.her '" ",I ",." olc. ,o\d..,uc 0 IUIQI' l>" wr bld· 
od..,lIl1! -.I.--n l>tt (;röOf.See f'I • .,runm"{'CI<hc-r~ ...... ..." .... 
TIobC'II.l_1 ' X,lt" 111 (n'nd,n-.m 

In'ere, ... '''' i,. lI,e \1, t:jh.'hl,·,1. ll.ua bIO' j\"n.u.ntcn.n c_ T .. , 
bdl< ~b,ule len. d.( ".b m, l"o.>,r.umn,vt"O<t-.... behndel (h,. '" beI 
~Ik" A\ ' I(- \l,lr(aCo'"rolk'rn .. .,. betm Al'IOS I 200 ~I...-h D .... 
Au,lc,< " olc! 1>~len ",,,.I 11111 !km U'~~-6cf.hl IL...J ~o~rarn 
Me ..... ")" b/w. t>c, llen ATn-.<'llal01 .ur~rurod.ses ,.oIIeren p,~ 
Ilr3mm' l'<",eh<'n mOl drm ~ tl'~t ,Befehl tt.,.1Cntl<1I J.,ood fn>Itr.m1 
Mtrnnry) ,.,~l"",n J)uu ~ht 11).111 MJ;<'n.dcnGllllcn '·Of. Dto: Ad.~, 

"" der .I,,' D~I('n ,m 1'ro,~n""'l'<'och<'r "ch<'n. muß Ln <kn Z.Po.n· 
,er (11. :10 un.J 11. 1111<"IJtlcn "e'.sc" \1.,,, muU bc....- h'en. <b8 d,u,c 
".I,." ", ,n <kn an, 1 t>" I ~ 'I..!len mu8. I)J' nonkl""'n'K"e BOI 0 
\\Jh l' da, um,'''' 111" d~, ot..,., !l)tc 1Ie, Wune, "",.Iit, IOn Pr(Jo­
gr:" um' lleh;he' "eb. I".ho: !lild 2.21. H,,''''''' "'ull ~I~r_ daß ,run 
,he 1..1,.",,,, mdll e,nfll<h ,n <J,:n Z-Pn,ntc. laden kllfln. wndt-m 'Oe 
..... , um .uoe SIelI. """li hnb Jc",l\oho:n ,,«lien Oller mn ,"'c' mul· 
upll1Ien "'erden ",,,ß. "',1' ,Um ",lbc" F-,!!ct>n'i f\ihn ,""hn "",n 
an"" ht ,~llcn den I.I'M - bl" <len EU'\1· Befehl 3U" " ",I da.. Rc~,­
'l~r RO m,' dem ..... adfC",~n~n BlIU.w'.sc", l·l't>Ilr ..... m'l'<''''he. 
~cI:.d,:n 

" " <lcm I.P\1, IIdcbl13_n <ICh uom,' ,n'ItC"">1 ,12lWonc od,., .. 
"cn:n. da der I-"'"nler ,n doowm 1'311 e'ne I'-B,t I ... ~c Mn:_ 
aulne h.mc" 1~nn. Be,m ATrIte$~10J ".",1 IIbc. doon Z·Po,,",,,, (IIW 
1 1>-8 " 13n~e AdfC~;,c .ur,enomnoen [>!c Au,,,,;ohl ubct Ib.> un,e", 
ode. ohe'" B) ,e uu, <km l"roI:"mm'l""ochcr .. ·,nI oll'oo.. <1.:0.. B,I 0 1m 
RAMPZ . Rc~,,'cr \AdICuC' S.IB "n 1/0· l>,w S~8 ,m Da.cn­
'l'"'"hc.,odrcßt3\nnl,'n'lclII'ftIft'tC"n EkoJo: lkfcbk' ... erden ,n Ab­
",hn,u 2 \I ~1I,f\lll.to.:h cn.l,»1 In <kn AbeIM"."," ~.3 urod ~ 1 :Und 
,"e, Ik''f'',cle .>IIflcKet>c-n. b<-' okDtn ..... r lP!o.t-lkfclll 'c ..... ndcl .. '" 

- -- - -
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2 Die AVR.MlkroeonlrOller·Fpm1Uo 

R11II1 1. 
/ .. ,,", ~,~r. 
H, •• '''~' <1<'. 
I''''f''''-' 
'I", .,y, r~' .. ' 

1\\ ,'" Ir"lIr 

16 

.. 
I " ; I 

• , • 

L __ L_-'~, 

2.3.2 Dilionspclchcr (SRAM) 

1),,' ,\\, K·\lIl,o,;\WIu"rrc. '(lJu~<n utl<, (In r 211 B) ICI b" 4 ~ay lc, 

~".a." SII.,\ \\ \' Intl~C ,\~,n""mt M.kl .k. AT90S 1 ~OO. tk. ub.", 
lcm SRA\I ,<,ru~. ( ... I'..- l l1l1 .. rr. 2.1L I)'e"'" SII.,\M l~n'" 8 
• 1, 1) .... n'I""I\.·. ,J ....... n, 1-, "",I .u.:h oJ.uo IC""Cr><k •. tkn S\",,~ 
... r " .... ·h,n." l'l<"ho; At>-.. hnlU ~ M. l)", Adretlr.>um< tk, l'roll",mm. 
un..Ilh ... n'I"<'"·ht,, .. noJ. "I' 1:>< ••• " .",..!ln •. lIdn:nn, De, Adn:1l-
oaom oJr. ll.urn,I"'''IIC" IlcgWM tl<1 ,I." Ad",,\C 0 ond .fl<lc, t." 
&, Ad"' .... \I1H- Iho.·',ldCllfnal) h onü.o8l .1..:> 6~~ '(> SI"<'",hc •. 
>tel"'" I_ho.:: /lold Lli 

1),00 SR,"," .... Ibn I'q:'MI .01><. <h' .ab &. A,J..."IC S60 01;0,,0111 d .... 
R.,,>!<, KO t.., R' I und,J", ~ I/O.Src"' .... ""dkn d,,,,,\,, 4n'~'h. 
NI .. nd,d .. l!().S!"'II. ..... "'dlm, 8 uloo, d .... lkr.hk I~ uDdOl-r, 
"cNrn,J1CV ,n oJrn 1>_,I"<'"hr: • ....J •• ß<wnI lI<'P"'I<h l>Jnll' 1'-1 
c' mo,hdl d ... RCJ(, ..... u....s <11( 1").Spc",ht""dkn" '" ~....,r 1I<)f. 

~loOn,,,hll 

m · 'I1I)alm..p<1darrfut~ lIoh1J.I: 
«In l""lvJi'"kOt>if.1I.311>;: ()a~nßTQ'" 
finden .... CI.k-n Ao.lo.a:" SO ., 0 .. "., r' 
bi, SII .noJ <h: 1I(),Spnd* ( '. 
atUrn CI dOll ~ S:!O tu 
J.~~ Im AdltfteaM ~ I>,·m 
""""tont D .. ontomK' SRA" 
IIdLbdll: ,...h 4>M'" lkI A.m-
w$H" .... lMC"ortJ(k ..... <;RAM 
," _um -"'\R-\l,~"x""'ltIl'" 
.aoN\anf,1' '-"J:l \. ..... __ ,In T._ 
~ 1.1 enlnon "tItfl ,,'ndtG. 

I},e T)pc'G Al'lOSUI-I ,<I 
AI'oII.lSM'~"". die U .... ,.,...., 
~ ATmo:pl1H/W31.<.1Mm 'u­
aulodl UlCTnI:O SII.J\'" ."'~ 
dien DIcwr ,,!(~ SI"',,,-IIC, 
kann n.h <kr klrln'l A.m-­
dt'!.'NmI<:TI SRAM .iIl~IlJoI· 
~ "TI'\kn I)~ dl~ (I\;l~I"",I~ 

(,jft16: Ik< ,nt~"",n SRA\! 4 
kÜ,,.,, i>ot (5d'tr l -.at 2.1)und 
",... Adlt8t:.,m tk's l>.oICfl'I""­
."ha INlinwi b-I ~B)"" t>l. ~iW>­
ntII ~"r>:l\ W k B,!f!'> ~ ~lt'mCf 
~~"cn.Im . 

2.3.3 EEPROM 

Al'" AVR- M,Uo,o,"'vlk. ''n". 
rll, .. n 111><>. ",n ,00erne' 
f,('I'ROM Dtc GrOlle dIN:~ 
f,t-PROlrl, kann ...." ""..on-
11 .. , T.Hn~ 2.1 cnIMhmc.'G. 
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:2 Dis AVR_MlkrocOnlrOllor-FllmlUo 

H"d 14 
S,~ ... "·~~,,~, 
~b,tno<iun 

xhmMnwtd 
UI~" <In 
fEPRO,II< 

18 

D.t,. l.H'1I.0M bof"oJcl ",h ,n ('Mn! "..., l'rojCranuI' 

'1'C'1Ohc-t ,..u'tllh!rn Adrdluum 

[)u b) I<"~'~ "" .. · ... t-tn ,n <L1., IJ" I'ROM "''',e dd' I..., ...... u. <km 
~H'IHl\1 ~bl<hl \Ihr, '1"'",,11< R(~,,~r. " ... lI<h ,m A"",er..um 
"'" IIO-SI"""",""",lkn t><hnolcn In Olld l .-I .,1Id dlC'lO: Keg",rr 
abJtrl>,Idr' "<I><" tkn All",,,,, .. Im IJO-Adn'l\rMIm bthnokn ,oeh 
tn Io:Wn,,,.:m d .. t.ju,,~knl<n Ad",.~n ,m "'"n:llnwm 00 1)~lcn' 
,pt.;""" h "" dM~n (nn""n, d;a8 dIe IJO-Adru ... n donh,n Je­

...... 1' ... '.,. .. 

UPAOU_PC l 'I,., , .... 
UPAQUo..,P,.'ä 7 ,,,. 

UfIftO",c "' .. ~ ... 
~~CR 

2.3.4 Gene,al Purpose Regl,ter 

IIC(53(;) 

______________________________ !2~~.~p~.~IC~h~.""'u~R~.hW 

, • -.. .. 
•• ~, 

"' ~ 

." .. ... .. _. -- .., ... 
w .... . .. ." I'hJ ' .n ." - ... x.q'IJ'''', ..... .,. 

." ... X.AT; 2 ..... .,. - .~ • '12; *, .... D'1"O - ." ,<.p 2 ; • . .". 
~ ... ZA ., " .. h1I • ~, ." l.-"..,;-._~. 

Dalcn'f"'t<:hc,' d"~'I"""""n _,ok ... !>,.. IC'_h!1rft Adf'tU<'n .,.\d 
,m IlUd L< ;'"f~JChm 4v,1 Ab!(l'In,U 2 .1ll Zu k...,1'I4,·0 "c. d..ß 
.dle Odehk, dl~ 110 Opc,~n ('0 Re'; ....... und ~.nro uo,mlldlY· 
n:n Wen 1'I.1b..n ISBn. SliBI. ("PI. ANDI. URI und LI)!). I>ll' ... / 

dlf ot.c,,,,n 16 R,·,'-tt. R 16 10 .. R 11 an~ .. Ul ~I ........s..-n ~on"ro 

bnc k"'J>d<,,,, ß<"<kulu", lomml dtn Rq.u.io'rnlU6 10,. Rli z .. 
I),), Reg",(~~, R~,., .. nd Rn t>,kkI.sn. Ii)-Bn Xf\>mle. D.1!1oe, 
1\1 d.1' Rt!!"\,, R~'" d;o, nlC'<k ..... 'l'f1"o B)'h" WIIJ !e' ..1.>' hO!><l­
"'ORlIJ(' B)I~, l>.u Rc ... ",1J'UI R18 und RN t>rhkl.sn. 16-lln Y­
I\>,nlo,_ I>.&k, ,.I.w. Rc~"I~r Rl8 du DItdt •• eni," B~ I~ lU'Id R!9 
d.J.IIo:>...., ..... ~RI'" B)I~ S<hh(8lo.;l1 bildd.w Rc,~ R_lO und 
RJI .;\cn [(,-611/-1\>1,*,_ Ilh, ~.w. Rql>lCr R'O d.u nlC'<kr· 
""ORl~( B) le .. nd R \ I doll hIIt .... '" bp' Bysr EMe Au...aIlmc m.,,<tl!. 
"".:deI Ikr\T90S I ~OO ß,eo, ..... ..,m Mol~ '" nu, .x, z-
I\>,nlo, 'Ofl'l.ukkfl l'(rTIC" UI.;\c, /-Pul,*r "'" s-a.' ..... uM k· 
hllolk, .0.;11 ,m R<II\tC't' RJO 

8./4.1.,<, 
<.:".,.",. PII'-

P"'''' Re, .. - , 

.. 



2 Die AVR_Mlkrocontroller-Famllie 

T~II,11: 

IIf)·R'ru " 

10-.- _. 
•• u.n 
I'-T. ~ 
~'I ' ~ 

2.3.5 VO·Reglster 

"li<- I'Wh uOOI""rH n \l,>du!<! 1 >d ,n> IJO·Ad ... 8r.wm ..c'n \00 
b .. S I~ .x, ,\\" 11· \l ,ll\"O:' "toUc. ~~d.", h k.mtkll lieh al...., um .as,.. ..... t.l1/(l·II(Ji .r IM I/O·II~J"'" "OOlUm ~lIICn uhc-r 
.be 're.rlelkn !klehk I' ...... OllT. die [).u.n ,,,,,,,I><-n.kn I/().. 
11'11''''"''' uoo.xn .l! l"ner.II'IIrp._II<J,,'<r III, ... ",I><-n. 'n .... m 
I!O-Ad ... 5ralm .,JOTU","rMr. !.,m ano.lc,n '>nd d,e I/O·Re""cr ,m 
AJtdlul/olJl .x. [);:,In\'P"",he"" ,r'I' .. ,,,11 I ,,,,he I.\Ud ! J) \10.;1\1., 
,,_ d .. 11001I<~'~<f "oe .xn t>.r""'i"" ... ·he, .... '''''''hon. w muß lU 
<kn ,\J'n ... n da I!O- Re,alk' S!O duu .. l,hen ""nk"n 

l"", doe 'I""orl!<!n IIO·Relchl< Stil unoJ ("BII'~I Ab",hn'l1 29) 
l ..... "" .. e'ntd"" B,,, ,n.kn I!()-Ref""m ,c""tll b/'" ~do...::11I "'e'· 
d<n b ," .1><1 IU bt-.... hle". daS d,e. ''''1'1 Befehle nu, .uf VO· 
Rei"'<' .n d<n Ad... <n , ... ,"'''''" SilO unoJ S 11' .n~e".ndct "'"r­
Ikn lon .... n 

'-';«1\1 .Ik AVR-.\ l,l""--(>tI1mli<-r h.>I>c-" "" aUen (1.\ JJO· .. \d ... "cn . udl 
rhY',l.lo><h f'" Re_,<trr ,mrl<n",nflcr1 Aufgrund .... r ,mllk,.", n­
flenen 1 .... ,rI\<"ror .. noJ "",hr odct "'·en'~e' 1I0-R"8"'c, n<)t .. ·cn.h~ 
0., 1).,l<nhl>lI d<. )<"",Io\l"n AVII· \ hlrocooltolkr_1)-p, ~,bI Auf. 
"hluß d.lf\lhrr. "eid", 110·Adl"('''''" ""1 I/O-Rf,",cm I>clc~1 "noj 

I~hr ''eruKh" .. \1)",. "Ur ok.\>t,Io,cn .... n CD). In Tllbdlt Z.Z 
.. ud all< 11'0. R~~",,, auljl<'l,\c(1 Doc \>t.ok .. AV R _ \1 ,l"",,,,,croller 
. o\t "><,a 1011«.1.4 """'lien fu • .t"·lK)-R.,,,tcr I .. l .. ",-c andere Adn:.\­
!oto, .I .. "h"tkhlln~<n "nd '" d<r l ·.bcll. ,n der \cIlI<" Sp.>h< ... f­
.flllm 

-

" .. _ ... , 
•• (.I"'~ ... ~. 

,_, ::' :":.; ..... l_·, 
~. b • • ... n .... _< 
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"u,c ____ 
~ .. ,_. __ .-
~_c" " .-___ aopoo 

"'~ ........ - .. ",,.'('-_-".-­A',.-I-.... ,,_ 
AC"- ,_. l_ 

2.3.6 STATU5-Roglstor 

.. 'Uf.! ............. ~ 
t>< .... _ ..... ,.""",_t .. ".. __ ..... . 
,,~, ..... -.... ,. 

1> .. , :i(.<l~'-Rti:,wr (SRI'''I g,t>! Au,l,mrl oltrc, Ikn S4(U' Ikr CPl: 
IC~nrf .. 1 f .... "",, UM) uJ\d Ikr AI.U b befinJc, ,,~h "" Ikr 00· 
R~(I."I<","'d,~,,,, ~ lI' 1'0,,,,. ,m 1>,,'en'f'C'''Mr .o.dfdk~u", .m Adle,,,, 
S~ I' ( IlUd 1.1>1 

"" 7 6' , , I , • 

7 I ! ! 0 
• 

• 

• 

S.W (S.~t ) I T' H , v 
" I 

I. C 

O<-n ",nul""n 0", li Id '-O):~n.1MI< ~1"1' ,,,!«,,, ... I""I, dIe folgcrwk 
IlrJ.-u",n, h.hrn· 

Il.~ _.'-
I (,_1-...,_ , 6n ('.., s.o. ... 

" 1I ... e ..... tl.o, , s'pn ... §., \0- \',,.,_' ...... ,,~ \'<<11<>,'" , 
1.''''0' ;': .. ·M.t ..... "..r tll4 , 
,.·pt"~·fllJ: 

I. 1.0,,, ''\oc , C.....,-f'\oc 

2.4 Peripherie 

2,4,1 IIO-Po". 

[)oe A'R \hLtt"",nlrul!er \aRs _ ... j' " ... ·tc Alt-

1..oltI;lllVO- U,"''''~<1l Die,,' ""'110-" S 2."'4"", 
o-on S torlm AT\I(IS112l12)43 bb 41 bIB ATz ,rlM"WJ (Iidie 
TlIK[~2. 1) [''' '','<''1.,-,,,. -,r ' .... 1 _'. ·61\:dl. 
dlr .oJphJhc11"h nUIT\IfI(\K" ca 'q 110 7' • 1.) iIt_,:llIIn, 
,,~khel A\' R-\11I.nxoo:rolkr-1)op" 7 , Ptinnalllp. 

Ane Po.,.. b" ""f Au'~_ o!cI Pm p, siadN 5 •• : ........ PoIn. 
D;I" he.ßt. ~Ie dlC'IX'B .. 1I t'B' lIad "lIIlcs 7 '1'% : "",,,.en ", 
Pm t nur .1, Ec"gaas 'C'n'1'ndtwI 

lur Oo:fi"'21<>f1, ob" Joch Mi ckn PortI" '* B _Ein- oder " ... -
!linge twl<kll. ,,~,,11Cf1 (ur jCdm 41 7 PInI_ 0-. Qlrc<ilOO 
R(g.~C1' (DDR I, doos dlC R.dtrwol jc4eJ e! : ':- Pm-PolII.,."b: 
mlX'l bnn b!:' • .tcdclll ~.ftId_ fon·"'" F' : ueIiIoPldf_UP-W._ 
deN~nd lu~h~l1c' wenkn. AIII ru • 2AaD 2M _ doc RKh-

lung und tk .. Z"N;U'1<,I "" Pull_Up-Wi4u " 

rfllldk l..1: 

\">fijt""',~ 
Pomlk,_WH· 
,., J. mr""",;·IUr. 



2 Die AVR·MlkrocontroUor·FemHle 

",",',',',-;,,',',',',','_" + ___ 1,'(' __ • 1)_u~l. l~lIf,"rr'·'~"~"!· _______ ·1 

, 

, . ' " 
TQHII,l,.J' 
f),1t"",-hßUlI" 

".("ur I OORA 

• 

I:In~_ 

Fon .,; 

, 
" . 

,," • • 
~ .In I 

..c" 

., 

~~ 

11 ... "' .. ~.,:, In t.I:.) 

I'Xn .• hl Slrol' uMr ";"'~n 
I'u ·L'; .\\" ""-- Ul: , ~.' ';, .. '" E,n-
"'" . hc~ 

,\lI y 1000 . .,- Au ~.' 11: 

,\1' , hip.., , ... \u ..... ' 

Zu to:.;hlll:n .<t. d.>6 die ein/cl",," Pm-Pln, )l{ern;o{,.." f-unkhon.n 
lut.:n ~!Ia""n _w hlln ~In A\'R-:>l IUo.:OIItrolkr (,,,,,n (,cnno: n 
SI"'"ht. antln1n1l 1>"/11 "ud <10:. SpoI',cbc,Oll Pm ,\ und Port C 
""~(",h!n.,,,·n PM A 10,,(,,11 d"1IO B<'muluplul ,IIe D'l~n und da., 
U"'''~ ß)IC der ,\dn:.~ 1'00 e heftn d;o" ~ Byle <Io:r Adt1.'<<-e, 
Anok~ r..'n·I',n. "".oko f~. dl~ '''ch.:lndc .... l\-npllcnc WIe UA RT 
....,. •. WI t'ltlll'l",. ll,e ,h~, .... u,~ I' ~nlllOll(n der f'I.In- Pin, wird an 
okr Stell< ht",ltriehen. ~n <10:. d,. enl'rrttbclMk 1\·npllene.Modul 
~.ll~n ... ml 

2.4.2 Synchrono sorlello Schnittstelle (SPI) 

0,,' Sf'1-So,;tu, ,1I,'dk IScruoI r..-nf'b«;:llln~'{""d dlenl tu. "'Md. 
k" ,)...-hrvntn D jh.;'lf-"~""I, In Bild 2.7 1'>1 d;o,. BIocLdl~ 
derSI'I-"' .... nlJlrllc.u ~htn_ 

t","l>MomOhmt:l&Ull, It"'luchlllb(r <je Sl~ ... k MOSt (~h<lcrO'n 
SI.>,. In~ 'USO IH41tf In .sl~, e Qut). sex (Scri;d Clo<~ ulld t-..i 
mcb ",,, T",hwlm>rr euf <10:111 Bus no.;h ' .... .auh<h I1UI ISS (.sl.,~ 
Sci«.). Zum "lUd>fu8<kr A"R- \ ' ,!,ro,."OI\IroIftr;an t.flC SPI-Schnm. 
Iklk ..... okn C1ru,c I'ln. Ib Port R '"",tndtt die <bon e.flC ~htr. 
... n,< h nk"oa hah(-n 1>M:bc Tlbtlle 2.51-

... 

Iol&i' 

• 

• 

t 
t-

, 

... . ........ 
PI,.I!! 

, 

f • 
J 
t --

BM l.1: "vl sv. zgl ....... _,., .. Ir .... , 

2.4 PMiph ..... 

EJ 
§] 

[~l 

0 
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Tab(II.1.$: 
"'r,,,..,"'''' .\1'/. 
ß.'" .t I • 

P"n 8 

IJrU ].1, 
Srt~.~",~, 

: ..... 1»1("0."'''' 
Darmi"""!" 
'''''' wnJ :~, .\1'/. 
&"',,"-'r~lI. 

SPI DoOo P Q ., 

~ 

5PlS&IIuoP; * p~ 

&PI Co.<A PE. ,,", 
~, 

"11.1 

1'111 

50!' lsa:zF) 

$OEl$2E) 

SOl) lUO) 

'\U\ TIINlit 2.1 bR/l ~MfI<'mmen ,oer<kn. "clch~ AV R·M,lro­
<ntn-.j1o, u~r ~Lnc Srl·S<lInnmcllc '·crflI,cn. 

2.4.3 Asynchrone serielle Schnittstelle (UART) 

I ... , Alo)'n.;:hronc"n Ih~nllbcn~un, ~'llcn e'ni$c AV R.:>'hkro­
~on.,,,lIcr ~,,,,,n UARl O.!n"c ... al A,)nchrOflO<ls &«t..-cr :tod 
Irarunuttn) Otr llART Ci "",,h~h\ cb.. b)'~~,.c ~ndcn und ~mp­
fMfICTI '011.011(11. Um ,k.~hla", wilden und (mpf""t:C""lU kön. 
ntn, ~U\ der l'ART r'!It1I T~\m"ltf l l.l,ld !.~ I und ~'ncn R.,. 
«"n (B,1d 2.IOL. ~ u~", '-..Mlt,1Wldn ubeil~n 

~.-_ . 

..... ..... 
f,..-_ 

Ce *<lI1,.ogIc 

2.4~ 

,.., eh &01 

I I 

Ö 
• = ~ .. ,~ 

MH P: Du I/AlrDh.".'."t 

TI 
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• 

8 ,141.10: Do VART Ru,.,,, 

• 
~, 

,~ 

, 

• 
____________________ ~2.4~~ 

--
hn I .Iululo,,""o f'ropMw' [ :!,J ;' 1_,. . WfllIII ckr. r.: ART 
"I on AM< hnlll ~," lob,: "kill 

2,4_4 Analog -KomptirMor 

I):r Andlog K'>nll'dralor verpe;cbldia EillJI'II"p-'lIIII"",n on den 
I"onl/,)n~,- n AlSO (M-.) und MNI (AC-) lllilem'nder I .. d,~ S""n 
nun~ dIH Iims~n~ AlSO i .1l&:t ab l1li ..... " AINI . 10 ... ,nI der 
An~lol/' Knml''''''lornu'pi!,g ACO '!" "'CompanIOf Du1fO.'" .u' 
.1'· /CC<:eVl , [),,-,,-, Au J.IIII UM dIat benutzl lI a de n dtn T,mttl 

Coun1NI '"~ ln~~m ocSrr, 11m dai AMIot-IConipamor- lnt .... ul" 
(,«he A~hn'(( 2 7Ia\1U',!.).en IalldWilildu Blodd,a,:r;u",n 
<k. An~ loj: ' KOlnp.!rAlot Ibpbjld&c. 

8 ,141.11' 
,,, .... ,"',IJI,, 
,J,'V~Hl 

Hold U1: 
lIIod,/ .. ,pdlOU" 

IL >Ia /" J/ A ' ''''I'<' 

-. .. c ; .. _ 

"'" . ~ 

.. fol'(;I 

eLl" 
! ........... 



~~I'~AV~R~_M~I~k'~O<~O~"'~'O~I~I'~'~-F!.~m~II~I'~ ______________ --------

TIiH llt 1.': 
Altm,,";'''' 
,.,lIMlt(NlIX fo ........... 
K""'I'" ,..'M 

, 

~'I< otn .. "ddrrA.......,,· ' ''. ' . -AdrclI-
ConU'Uland SWI~' Rftt"'fr (A('SR) '" AdK<"'" SOII,rn UO 
rl\Im \>, .. M AdJ(~ S21\ ,m D~I(n'p"..:"".....u..lluum-

~ a1lr~'( l'Lnbtlq"o, (Ur dIe unl"",II'c.!hd~n I\VR· .. "Lro-
'-01111,>11<. UM lIWl _ Tlbtl1r 2.6 (nIllehmen 

Iv \" O,.\ C+) ,\,,,. (A(' ) 
r" -
"NOSllIJJ'?'P PUo '" 
ANOS+lI"'.I.H1l"~ 1 SIl\~ 15 PB) '"' 
'\lr~dO.l ·I'" Pt, 1'1'...1 

2.4.5 Afl&logfDlgltal-Wandler 

D,r AVR, \ hL.\X\'OnlrOlIrl1) pr" AT90S-W34JlI5J5 und ATmep 1031 
6(H l'It--uftn <'1>1'11 I\n~l(1pJDigIIAI. W~ndlcr (A oe. 11 ..... ]08 Oig;I;,.1 

('on'rnr.) .,.." C, ...... AunO,unS '00 IG·ß!!. Fernu ,-crmgl dtr "IX' 
U"", cIIlC:n R- K ~I\,1I-\l ullipl(~tt. m" okm a\:hl (',n,lIlge 3uf den e;· 

ICnlhd'oen "IX' ~k:"'" .. fflkn tÖCIntn (BUd 2.1)). 

C'oc:"tutn .. "d <ltr "oe Ul'<r dIe "C' Rq:"~ AD\IUX. AOCSR. 
"')CII und "!XL Im 1i00Adrdlnoumm (8 11d 2. 1.&, 

M" okm RqI"tcr AO\IUX ... ",J C'1'IC1 der ""lu K::an.llc ;>\Isgcw3hll. 
der ,~...wklt "'erden 1<)11 Du ADe kann ,n t"'e; Mod, betrieben 
,.cnktt 0.. A/l)- .... .llldlun' ... ,nI dun:h den An"'cnder ~et oder 
der AIX" ... onJtlt ~,"'t""'oa1Kh Oll. Ende <kr W;mdlung. d. h d/:r 
Za'J"In~(. "' ..... t,n an>k>Jn S" .... L d"'L,"',,,en "t und tut "'c,~ 
1ftI VffillklruflJ, ' .... \'crfu$un, 'tchl ""ni dureh roll Fbg Im ADe-
Swu.-Rq::"I<T (AOCSR) an~l""'- In d,<'Vm ADCSR- Rcgl<tu 
~ ..... der An ... codt, auch , .... "'htn den '""CI Betnd.,modJ .... lIIkn_ 
0 .. ~bn" d<T AlD- .... ;mdLul!l: 'Idu dann ,n den Rcgl",,", AOCH 
(ß,tgund9 undA _ 

! 

J I < 

0 1 
~ 
• 

! $ , 
-• • 
~ 
• 

~ ~ , 
! • · . 
• , , -• I ., 

~ • 
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Hold 1, 1<4 
.\uuarr,,1 :/r 
d~. ,\,1)(" 

TaMlI~1.7: 
.-1/,."",,,,, 

['''''·Rd~~u~~ 
Jilr d~" A .... /,,~ 
l)i(OIoJ/· 

I\;,,,JI,, 

, 

32 

ADC.-..- ... ~P • , 
1001 t5:!"', 

At ....... ~ 
, 

AOCC: "...., ..... p,., ... 
~''''' ODCSP 

AOC 00Ii0 n,. , .... , 
~,'" ~ 

AOC 00Ii0 R , -, $04 ~'J 

"'" 
D,~ aJl<moJI". I'o;n·ßdcoulIJ rur rk-n AlK "t ~u' <kr TaNII, 2.7 
"""~Ih,,~ 

\ I QO.W.\.a:IIH .. < .\lIIlf)(a IO.V60J ... r~n~1 
" I I 

,\[XTI f'AO "" A[)n I'AI I'~ 1 

,\IX" ),,\2 '" ,\lKl ['A' f'H 

ADn I !',\~ PF~ 

Aon 
I 1',\5 I>~S 

AIX',. "0 I'f'b 
AIX" . 1',\' PF, 

2.4,6 Tlmer und Counler 

0:.' "\'It· 'l'~n,)o;OI'''n::I''' '. "' ... ,,, '('fhl~1 ut>er 'M~I ,'''co, )t. 
B,( '1"",,:,1('''''''., 1',,,·. --1('",. ',,,0 ur.rJ T'mcr!C""nl,f2) \lnd C'" 
""01 1~lln T" ..... ,C_.,TIlII<,/{ .. "'!UQI).!k, CO'''roIlatHlCn. 
.-ubn dnI T"n",/(.' ... r'rr1 '-.rfutm.1..ioM drc-n """h,al, Ectlluu. 
uhr IRTC, Ru! {,mt Cr.n..·~) ' ....... ndtl "'C'rden. Dazu muß C"n 
'i..h"" , m, """ , I 

.. , • • • 
$33 ($.53) I I I - I -
ReadrW.d. " " " " "'·1'" Val ... 0 • 0 • 

• 
I -

R 

0 

, 

C .'" .. 

, 0 

I-I"', I"", I - - RoW 

0 0 0 

TCCAO 

:...~:~. 1 .. ,3· R .. : R ... r,"os"',~ :.'FTrnllt.... , 757 wr.,." _ 0_ ___ e.c. M'Id !Ur clon A W An. :. n 

0' • $1 C .,,'..,.0 '0Ie8n.2, IUndO.CSOI,CIII.CIII. ,a:,O'p ~T 0 
DIe CIock SeI'KIO Ikls 2. I, Odl': 7 U'" h 

alMl.l$ .. I-Mtr AC' • Cl 
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81/J !.JS. 
\b"~rI,, fo, 
Ti"",1(" .,...,lnO 
ldIJ n ... ,.,J 
C_tnl 

. ". .. ' 
~ 

u 

, 

, 

&1 f' 'C'fI .... VII· ~lll"",'OOIroI1rm ,'C'rl"u~, dfr 16-8" T,men(""""",,,1 
1It>cr ~w CIIf'CUR'Jl·""......,-I....,'" und t..I!n II·B" T,"""I('OU/1It",2 nur 
"""', ~ Con1plR"' 1.Df:.l \111 dfr C'C"""'· I"\1l11',.,., "ud be"l1 Au'· 
1l<'fC1l ......... I'L.,,1,' .. f,nm} Pln dfr (TIl'fllCIIIant In""h df. Ti"",,' 
CDUßIn I In nn CIJ'IW"-R ... t!Itr I"'I'<",htn 1l.u!\II ~ _h ,_ B .,..,. 

' .... 1' .. ,,1' f ...... ('1Cmtft S'Jn.ol"""hoth ~I""""". 0.. C~· 
~un\.1 ~'" oJ>tnI Ö&nJ. (VIttI1""'"""f'I"'vuk>«'n. 1.1I." ... n Tin-.:rIC'~I~' 
dm ""("film CtII1~R<1I"'~' C"ftt",hI hII 

Oh und UM .. dd",n T,merl(·,...nt~f fln ,"",'>lI""""C' AVR·ComroIiN 
,~.IU". 1 .. nn ... ' 0,10;. 1'Iobc-Ut 2.1 (5< Ilc 11 J nllJ\(llf\/TICn , • .-conke. In 
llild 2_ I $, llild Z.16 urol llild 2.17 .,nd cll< Bh,.,ldI1llramme,je- lI· 
811 T,mell{·,unlcrO. 0,10;, It>-Ih~ T"ner!Coonle.1 und,Je, Ti'l"l<'/ 
C", nl,tl o.I.oI,.,,'~lll 

!km II-BII TI/\",(I('oonlc.o ", CI" \'(II'flk. '~c",luh~1. 0,10;. Illx. 
clM ...... , .. .obl Je. Tc,lo:tf~~,,,,,, 'flfll~1 ( lIi1d l. 181 Ober die 8,1, 

(".~O "" CSl ,," K"nlr<llh(~"'(f TC"CII, n',mc( COUnlC' C(lIillv l 

• 

, , 
~ 

• 
T I ,''' ' 

~.-

• 
I 

• 

• f" J» I Q _.-

__________________________________________ ~2 .. 4Perl~.~ 

a<1ll"'<fI ... "d du T .... I .. .,IttIIa,1l ~rKl8.("KI64. CIVl.~ 
und ( . IVI (114 .lc-t- ConlI"OIlet-lIokb ,al'_ .;111 Sol"" &J dorm .... VR. 
MI~rvc .. rll!"lI.·1 4K I-DM nmeP'C"CEE 0 ncI ein- Ib-BIf llD1lUI 
(OIIIIlfti unrtc'menlltn w-.1O~tin: • • ide .... doenoefbm '*'r. 
I •• k, r>.a. TlNkrvat\Ubro. ~ .. fIIr t! ... n-,I{-'wnoc. IID' 

~NIIn", .'oncißMdr. ,r .. "" wenlea..da.dIr Aalwablk>slk Pudn 
TClk,wrh" llnl' ~Io •• pfllllrt '"' 

Ne,"",n dfn T,·,\er....,.I\IHI>.UC'n .6nI ... " dir TnnrtIC' ........ ",,,h ".., 
(I ... n, ."!f .... n S'lrW an .,,, .. m P1n .e' ...... -.:I\kn 

(XI Tuo>c,'Coul\l<rl vnftII' lIber tUlCn "IIC""" \\:Inclkr IIIbI dfn 
T(lk"(.h~lon"',~rCK~bt. TC'KVI024 Cold!< Bild 1.1'. , fJ..abe, 
1.1 TC' K2 d .... '1 "11, Ik, C OMtollrt· TaLI 

In .... ""'hnoll ~ I ,'1 Im I-'r<ogl&lllll"lbliuptl det T"TI .... I(",".m"'~ "c,· 
IIoC"o,Io;, ",,,nkll. 11m fln AU"""'''''I~ el ..... ' btillmn1lcn Ihue. tu 

crUllttrn 

, 
, 

I 

.~ '_'!C' 

! • I • I .' ! ., • , , 

, J , 

I 
, 

, 
I , , 

-} 
, e 

I 

I 
- Ce .7 --

H,ld 1.19: 

\,'rlrll" J'" 
/I ... ", 
Co~n'r,1 
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2.4.7 WalcMog-Tlmef 

'n.old""'" l,n-':-1 (wnT!. 'ICh<' IIUd 2.10 .... f Se'IC ,19. ", .. nien dMU 
" .... ~r.kl. u,n tU ,~,h,ndcm, 1Lo8 ,,,,h \hll'lXOfIlrulkr .JWfh~n· 
.~n" ()~, ,e""h,~h,_ ,r.km eon Wl)T """,h e,ner fe,1 "OfJ"s~lXn 
ün ,m \h~o",,,nll,,lIe' c,,.,., ... Re...:! ~u,lo,! und w ",",«kr einen 
Ikf",""tcn I""md lM: ..... tdh 0., WDT" ,n! "on e,nem unabllant/;' 
ren 'nln""n 0,"11"' .... mU I \111, scu.lle' Zum Beln.c:b ",.nkn 
l.,"",:.., ,'Icrnt fC,ltIC,I""",,,n.,kn BJ .... ·l<rntn'c bcnbllJtI 1-1 lkr 
W[)T clngc-..:h.ltlc'. d .. , ""n! dun:h cln Bn Im IDld'li<>s·IIfIIC'· 
ConU(lI-!:tc",tc, IWOT("RI 1I"'cuclI. I{hl dl~"" noch unrcf.thr 
16m, {dJ' <nhrochl 16000 Ma",hlllcn'yUen bei eInem 1'\111 VOll 
I MIIII,,, .. n Re,,"1 .u' I).c", I~n !aßI 'ICh dun:-h da. Nach<.<:h.lltcn 
<1.:, \','IUIIe" 1J>n:-,,~I.n c"",ehen Wlhh nun beim Vone.I •• CI' 
nen TClk'!J\I,,' "(><I 2/).Is, '" I .. '...:n .. eh die I Ci 1'11, auf cl""J 2.041:\ , 
"crl;)f\gcm 

2.5 Stack 

[)c. SI.:l ", con S)'I<'l<h",- .ft dem Dlt~n und In_t>c",,,,,.,, .. , Ik, 

Pro. r." ',,,,,"I .. IPC. Pr<'!:tJm CO\ln~r) ..t>~,",~t ",id DaIX, ;'1 
0.1 ..... , Sr<Io:lIc. ~h SI~pcl !S'J< ~1 OI"J~"" .. n Alle Dal~". 0.1 .. rucr<l 
.. 10.1 .. ",,, St"P<'l ....,."'" ... nkn. rul'l<'lM:" Im"",. t",f~t mit neu 
>I>&<"'~lcn Il.u..n, 0.. lulemllbsclt,kn 0.1,1'1 1"'lIen ,..,,1 oben 
.ullkm SI.pcl und lOnnl'n.1> eNo .. lCder ... ,",'Cn IO'C'rdcn, 

'PP 7 •• 

---
•• 

Bel lkr ,\VI(·~;hl"",",<'IIIlrullcr-fam"'~ mu...en ~"'" unlc ..... h,wh· 
die Ancn von St""'k. unlenchlCllk-n .. -crlkn "-um .in<-n Ik. 11..,0.1· 
"'Jrc·Slad. .. der beim AT'ilOS I ZOO urtpkrntnltotn ,,' (, .. bt """'hnm 
2 5 I). I.um Jn.kren du SlaCk im ~n.pe",Mt ... tot Cf beI .tll.-n 
~n<k....,n "VI(. \i,lr",,,,,tru!lem ,mpltmcnltotn .'" (,,,,tt.= "1> ... hR"1 
n 2). 

2.5.1 Hardw8r .... Sl.-ck 

~r AT'lO.~ 1200 'crfUI! aI. n~F AVR.MIkmconu'<>Ikt' 11M e, 
IK"n U~rd,,~-S ... k l>1net I"ab J-1..cYd .... <;uc-k Ml1oft"tohn_ EIn 
Sl"'~- fO,"I.r I_~P). drt .. r dc'n Anf.,., .se. S-b «I" ... "d nichl 
bcn('II~1 E.n l'nutprol ... IWI .,rruf l1'"alli kope., dm um clM ~t 
"""Ion Inh.ll, dn ProJ~,ndwoba ... fbMtde. Sb<~' 
D« rn"~11 der otw:".m EbtaII' cb SFad. wird ~0FtICt In dw ni.:/ul 

2.5 SI.-ck 

H.'" 1JO ""I.M.,­
r ..... '''''/ 
'otm",n 

.. 
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hcf~", 1-."" ,~I.ookn ..... h ~ ..... m Ru.;~,rru~~ .." ~,,"I(nI l'nlo., 
1' .... pE1un "",,"'de. Prot:,~,t""'.:.hk' m'l.dem Inhalt Ik, oh:" "'n 
Eht .... dn Su..~, ~I"""n Allo.um! SI ... L,!-JxnnI ",,~rn um 
<.11< u,,-,.. '-11 llo.·, Inhal'ok, unlor •• ~n (dnIlMll,"""", bk,be u.,. 
br, UM«*",,"n 

1>0, SI ... ·L l:luft Uhtl. 1.1I, .... ht al, "'.0. Unlo~r.ml'llloufruk ,.~ •. 
",ha:;hlrll "oNen Wonn doe. ~< .. "",111, ~dnn n"h, mdll '''MIX' 
>1<"111 IOt.dm. <I..tl ..... h Ik, Au,fuhrun, ok, vnl~rrroI:n,nn" "'*" 
ok. LU' fKhI'pcn ..1.0,1"' .... Z1r""I.,o'f'Nn,:on "uoJ 

2.5.2 Stock Im Ootonspelcho' 

~I " Au,n.ohmr do".AT'lOS I 200 )..,,1 bE, ~U01l AVR· M,kro.:ontrollem 
de, S'.IoC ~ 111' J).I.n'l"'"hr. Ein $1a.;l·/"o'nI« '~'I' dabei auf rkn 
SI"'~ Oe", .. 'fJ<'ndotn L'ntC'l''VJ",mm an~csrrun ~on ,..in!. muß 
<k. SI..; l .p"tntcr ,n'II.Io.",,, wrnkn I>.ht, 1081 nLln ubhchc' ..... ,~t'" 
d", 11",11,1< St"II •• m J).ton're"hc', .1, dl'n Anran~ (obe",' . Ebe ne) 
rk, .~I .... 'L, ro .. 1>", Intlt.I"",run, dr •. ~I""L-Po.nte" '1<'111 (ulgen. 
.krm..llo.n ..." 

'" 
'" 

." ..... \n. _lt lU.I<DfDn~ .. , 

I ••• 111gb ." ~ ,: 19M 

In 01""""" Br''PK'II'' ...... "I00'''"'''a "vnktI. ob8 lk. Stack.Polttrr 
I boOIe WI~ 1\1 In dn o.....,n 1'..,,10 .. ,ni d.u nl<dc .... en'gc Blte' <.10. 
St .. L-I'oII'tCrt, m,' dem n~<""(n B)te' <Jo, otJe"l(1l Sprl(""',_ 
'lelle dI'. 1> ..... 1'<"11<,, ,daoka. In drr ''"'c''er. 1'.e,1e ",rd c:b. 
hobt. "M'I'<" B)te' (In SIa;L·Poon~n mit drm hohr ....... no""n B) le 
dr, ob(.-.1etJ SI"''' ....... ~lIr dor.I>;'len'JIC'ICMn ""Iadrto 

• 

N ... h ,.. ...... ,,' Auf.uf e_ V ' I "' ..... .., .. WlI'!;! der _ •. Pointer 
lu",m~ll'" 11 um '*CI' MI=.. ( 'lEIId..:b 7 d lie RO"h{'ru .... 
... ' <k1n lI ''''"'l'R.,.rwnIII _oell Wl\~' .... IMt.IIIC'fi. l)_ 

fI"I II ... hl !k.t..uh. ~Idn PI .... Lllliiilllllc'f __ al~"'BIl brcu "'. 
der lh.tC'fl'p""'" hc'r b,nplftl _ I-B. bIttr ,. F .... ,"rdcoo .bo 1_' 
Spri,II<,.wlkn ,m I~'I :Id", bE,.,tlIIi" 

M,t ok.n I-'t 'SII _ 140frbl k.Mrr ".. B)1C auf dem Sla.:t obt:< kfl. I"" 
!km POI' -lIekhl ~ann <.n B)w: .um su.-LI'ffloIt .ulka &eI dtc­
"'n BeI<"IIkn "lid dn SI .. L·PomIn JC.-cd. lIUf um ..... !kL,.". 
~"1I<" .... ,"'" in~n:"...,nc,",. c:b«",b ,r.."h nw ameaa 8)'1(' uotd 
n",hl'''''':, Dyl<' handtk 

2.6 Reset 

Oie AV It · M I~ "~"I\I",IIoI·I'"",he .... .fU'1 1Ibo. e,no ,nie"'" f""('­
Qn-Re"' l WOR) S~II.ullln, f-lIr die mc'OI,'" An .. rndngcn ,<nU,t 
co. den IR" ... ·I-r·.'n~""'I.uf d", polOI ..... ~ .. nl .. p.nDun~ V~o: 
tU legen O<k:. utl<n ,u lu..-n. da d"''''1 bfI&AII' bcn:it. 1"'NIl ohe. 
(mon Wlder-t.tnd auf V,,_ he,,, Wenn "'teIC'l f-_Inl~ he,m "-m. 
...:hJl!en ~u f hl~h hellt (;u"i <IR .nccrno:l TI~r an lU uhk-n 1>00 .. , 
Tuner "" trd "om w.t,;IId<." Tlfner ,..IU.~ 1'.01 _an .kr bl<1_""",, 
.m"II, " I. ",n! ok, tnl(~ R""'- ... ,.,fuM. Dor ult!ocbc \'01(0-
sorun, 'on tu"..;11 If> m. erllllbl: c' drm ... ,.,,,,II~ QIt.v1l. 
O,,,I1.t'" ' ICh zu ,.ahlh.'"'-'1I. 

Wild <on fu ,j,l1h.·h., Rrtooe. bonÖlI'" mul der b~&/I' IR~"'l 
be ... hal!c .... ·' ... n Am (iaf .... _ JlC«bidlld!es dlrn;b 01"", Utn'· 
"" RC- Kotllh,naIlOfi am 1R<..eI·Eonaq l'otfM- BIkI 2..l11 

0", /.c'I ~on"JJ,1r K .C~ RC-<ilitdro.bttl ....... _ndtrfRnt(. 
bn~.&nll;l\ll 111,11 ~k'l .... iId DI!bt. iOIttednW"''' 0:1 R_"k~ 
.1. :I.() U ) ,.-"'.\111 ..... tide .. _ ob -'" dot SI 777''1 _IR I tC·b,.. 

2.8 R ••• I 
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f/lldlll .-
hUT'" R",,· 
R~. -1\",,. ... ,. 

42 

,~~ ~ 

• 
1"~48t 0' 

• " ~ 
,. 

.' -

,~n~ 1\1 UfO" ,\I 1)," [),ook I) ClS~14~1 "'>!Jt <bfOr, d.18 ~",h d<. 
"QIIdc"....c,,.. ",lmrll tnllun Unn. VI .nn.s .. Spannung ~u'gc>ch.11!tl 
""" l>rr WMl<"'JOO R I • trtllnokn . .b8 beI \011 ,",(~clJdc.'llCm K",,· 
..,0 .... 1'" t,n IU 11<>"'1 Sln)ln ,n Ikn 1lt~'>CI'" ,nJang n,08c De. Wort 
fo. R I wllt< , ... , ... flon 100 Ohm und 1 Kahm hegen 

l".och J<'<k,n Re'><. bo:~lnlll d,. l'rogrllmll\Ju,filh"lII' an dc.'r Adn"", 
0, 00 im l'ro,. Jn"n'['I:lehl-. (\I.he Ab",hnlll ~_7), 

2.7 Reset und Interrupt-Vektoren 

IM (N<n S,dk-II ,m I>ro,:ram '1'tIChr. "<,*n~, Re"". und llltc,. 
1\I",,\'o~t"'.n ddllllCrt ""',nI. B cln Re ..... ""jCdQ>t, ... ,nI der 
R<"IIrI' \'(~I<lr .an lief 1'rot,,,,,,,,,,l'tlChl-nd,..,,,, 0.00 .an,l.'f"VIIg."n 
An .IIC..,. SICHe "du cl.ann u!>h,""'""".,,,, (111 Sprungtdcbl ~ur d.:, 
SIel'" Im Pro,:rMlIlTb['l:lChN, d", n...:h <"lCm R .... ' ""Idilhrt .... (/. 
!Stn ""U Alk I'mpllC,oo\to.Juk bo: .. tr.cn cbo:nralL. \'d'~n. dlC 
qc~n In'clN!'C- V<~t~n L&t (In Po:npMf"IC· \lodu! eUl(n 
lrwINI'C ... '" In! ru!Stm .nl~hc-ndc-n [nlcINI'C- \~k,,,, J.'l"I>n-

________________ ~2~ .• ~t~.~ktou.lll-«>r 

J cn n"rl >loht oS.&nn ",n S""'Dlbcor~hl rur a..c1lW! t1n1tRUpl­

""""I<'rl. die dlC'Wfl IlMtnupc 11"' .. " "" IOlI 

o.~ :\0.1",$$Cl' der 1111O'1TIIpI. YdIORa fIIr dw _lucdmu, AVI( • 

'1'~foc:,.'tr\lll .. r ll"IlCß MI. dcoI D" MM"'m doe.a ~ 1'01 
1).o1~1 .uf <kl a .. ,kll ,CU bfrilldtn. C'ftIIKlnimClI .. t.d ... 

2.8 Taktoszi llator 

2.8.1 Quarz-Oulllmor 

AI, Thll rur d," A\i R -Contrulln .. ,ni 
lIhhdlCrv>-c ,,,, ('" ()lur,.O,,1\laIof 
H ...... olldc, IIlIId 2.2l) [)~/U .. "d 
( ,n Sch"'"Jo:qu"" <1<-1 ~("\ln ... ;hl(n 
~1l!qlH.'nl , ... , \.Ohrn <kn An",hl~n 

>''TAL [ und XTAI_2 anjC(",hIO»(n 
[n"", d(t Qu~rI "elltt ~n",h",,,,,. 
"n<J no.: h d,. KOf"Kl<-n .... ,_n CI und 
C2 .rfQ,*th~h I)",~ ~bcn .,nen 

')r, ... llcn Wert "'" 22 r" 

2.8.2 Interner RC-Oulll8tor 

" • ~ .. , 

tkf AT90S 1100 hon Ilt>ct tUlC'ß ,nlenltn Re .Q.nl1l1tor mit .. "",n, 
Tal.. 'Oll I \1Hl ;ub(,frn [l;uwI Unnoo AT90SIXIOobne c>tr.1Ir 
8au!C"k ~Ilxlltn 0;.- ... IkUYb!.arllillt t.Kb Obet da.. K_roll· 8.t 
,<CES (Re !'.luhl<l,m Fb.tl, Src",hn LonrlJllOl"ft1l Dd:aulunISi. 
'.1 ,J,CIIIi! Iklnch".n 'OUIIC",h.oI!d. S ... LI8I >idI nur ,m par-.alkJ.n 
Proa:T;lmm' .. tm.,.J\J~ I/>do:m 

H,Jd 12l 
H~Jt haitIUlK 

~,M' (J,oa'" 
o,,,r.,,/<'T' 
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11II1I1.1J: 
Eu,"w'.', 
~ .... ,...u "1-

2.8.3 Externer Takt 

~,,1I ,-,n t,t<tn, ,ru"J 1.11 H"'tnJtl .. "NeR. ~ I 0 >00 t",em 
rn .. T Jl,~< ..... ~", f~1C tl" "". '.1 dl( E''''I"<"I'URII M<h 8il" 2.2J 
... ...-n I<hmc<l 

,~It"' •• '1 
ral>l SogtwtI-

I 

x .. " 

"'~, 

I I 

2.9 Der Bef.hluatr 

Im f<ll~(n<k-n ..... d dtr Bddll..uder .\Vp.Matn .... ,ulltr famj. 

II(br-pn-.;Mn. l)uuwu!n!lOCh I: rO., ·IkFEP ... lhml; 

A 
A<7 __ tb 

IM .. 
""" ., , .... 
(Of:' .. t 

""" .. 
" • 
·AND. 

0' 
XOR_ 

SROO 
C ,. , , , 
" T , 

[nlLd, _ A 
8.10bu,1_A 

l"hall . .kt ~pnd .•• ""der I*tk _ A .... !.",Ittl .. Mt um .... ) 
A ,M "'''"''"' •• E ' 
Koe_WlII Acltd t p . fIr PI • 
Ein 1:101 tl_ Re. __ 
Kon", nu ,"'" (>, 1"', .. (I Bi!) 
M~,"" f~ 1:\, .. _,..1 .. _ 
on .... t " ... A.sn-
IIO-AdI •• 

'·Iv 

l....t ~r.dQlltllrqi_I""lt - .".(mt) 
Quc:lhg,.,rI Im 1tq_·PlIc (GI'It) 

l.u ..... un • 
UNP· V.rlnllpf"". 
ODI:R -V<rlnopflllll 
I'..o.klu,, ' ·001-11: -~ltaGpI'lIIII 
S'TA1VS- ' .... 1eI 

("arry.l-ll' ,m S'TAruS-Rc&i 7 
I ... n> 1-11' ,m STA11JS·1tq1 7h 
So,.,''" ·1-b. "" STAruS·Rti $ 7 
Z .. cicflomplr_·OI, t....r.,., 
",p>td.~l ..... S.N XQRV( .... ' ".trlrcCf\Ouslcid"" 
II .. U-Carryl-lq .... STAllIS-R'F 7 
T~ ... ,kr.B,' ,m STAT\JS·'. ' (wn_'" Bc(c/lkn BID -' ßST !:rn ,n) 
(;I~ IMrnvplf"b'r"'" '11 ~_$TAJUS.'. "r 

SchauJom tUe .. , .. STAnJS R i 7 t ' :7 F. .... .", ...... foF' h deI tI<fdok -= • 
hot,nnu& ".,.sr .. UM. Im __ "' ... .,.... P ,pj: IzJII" hzo. ..... CIIT)'-H., I>w •• 
n .. 
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AlK Rd,Rr M X' RIl.R. 

f'lInluon. 

SREG 
c 

IIddl~'~ 1t~""C' R. mll ('arry-l-l~ lum 
RClC"'c' Rd. 

Der 5nlu51 ..... ReJiwm Kr lIJ'Id d;J" Cm) , 
Ha,: "'c',Jcn lum Inlul' ..... Rq:",~" 11,,, 
..J.l1C't1 D .. , IilJd"''' drr Addition "Chl 
Im RCIU"" Md. On 5n1u11 d« Relt"'c,", 
Mr bklbI un,"'l:.,Xn IX< ~fcltl iM fU, 
alle Rf'J"'<'f 11,0 tIo. 105 Im RetlI>,cr, File 
zul:u."1t 

Reg,,10.-F,IO 

,----- RO 

ALU 
• 

H.p; 

46 

R, 

Rd 

=.;,eR3> 

ll'o'ort, I \1....:ItII'lml;)kllls. Illo);llmpul!: 
12$n.bc.8\lIh 

I, l ' t" I, I, I' I, I cl 

... 
111)1) Rd,!!'. 

D~lcnflllll; 

Da ......... R Si , i lIs 'Wird rum la • 

...... )7 .... 7" Lo.&",t.. 
IIII_MIr' .......... e' u.Rd On 
h' ""'51' 5 "lrRI5 •• n- \n 
O'BI'". ...... 4 - .0btslUl 
Im, cl PT"" ... " '! '_ I 

] Wort. I M 'hi~ I TabuapuI. 
I ~5 IV: beil MHz 

I T 

400 UR, 
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A "! I) I Rd, '" ASOI KIl_1i. 

I-un\" ~: 

Pr<og ... ' ...... , .. 

l.'nm,ndNrnl W('fl K und Re .. u't", Rd t... 
Ju,:h I; ~ O·, ... rl.nupkn 

RII +-- Rd " 1'0 0. K 

On ~nmiw.lb.uT W(ft K IK Im 8<f<, l<. h 
,,,n 0 tou 2~3) .. mI dem Inll:lh des 11. ... -
Jik'n RII k~"'i'I U~ D·, ...... b!upfl 0 ... ['.(. 
~'s ...... \'",'~pfun, 'Icht Im RrJ'."!"" 
Kd On ßd"hl tol (ur d,,, R,,~,,( .... R I6 
1;>0. 101 ,n der oh:ren IIJHk dc<. R~"t .... · 
hlo lul;l.""_ 

I-----.~-' 

50 

'--- ~' 

-
1 Won.1 M.udulIClV)klu .. 1 T.lmmpul" 
12S IlSbf. 8 .\1 I1L 

ASR RII 

Iht ... nnoß: 

Ikf"hl\llh~uf: I \Yort, If' . . 

Iß .. W'MIII 

..... 

: 'y 
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8( LR bll an R !>,I 

52 

SRHid"t> +- 0 

un.:hl .u. iL j/cj:chI'rw: 8n ;m ~"A TtJS ­
RtgilLrr Drr Wett 1>11 k/llln ,m fkmch ."" 
o I>I~ 7 IIt,..n 

SREG 

I Woo. I M"-<.Chll'lC.'R1yklu,. 1 ruumpll l~, 
12511> bo:-I8 Mit/; 

s tl) Rd.l~l ""' _ 
_ T 

DaLennu6: 

I Wort, I M :t -vB I I Ntimpnls.: 
IUubcU. 



2 Dlo AVR·Mlkrocontrollor·Famllio 

54 

.\pnl~e rd:or" um <kn Wen oll"" (alls 
totl "n SRbli J<'lM.;tI! 

!con ",I..u,.". Spnon, 11m Ikn Wen 0[1'1<'1 
,.,i\l..u.~flllln. f~l" ein elntclllC'1 On des 
S T "1 US-Rc!li • ..". SR E(j an der Po.",II"1l 
bu J<'lo!.;hl I'. \1,1 dem Wen borla& .. eh 
~ Bil ,m ;S1,\TUS-RC'Ji'lc' ~,,(". 
rnI On Wen "n...:! ... 'nl ~r. l ... elcrt.vm· 
rolcmenl III-Ictro,ellcn. \0 d~1I tebll,<," 
Sr<Vn'c ,m 1k",,,,tI ,on·6-\ bo\ -.6~ ",b. 
u, lum f>n.>gr.!mrnllhl.". Pe au'ScfUhn 

"cnlcn ~'''''''''II-

PrvQraoI., .......... 

Ikrchl~f 

~SREG 

"'" bo1 • 01 

• 
PC_PC._.\ -

I W,,,,. L S1.-hlntnl>);-h., {2 bco S""""I. 
I Tu.lomI"J1. (21:w:, Sprun,): 
IH 11-, 1250 11-' t.:, Sprull-IJ bn 8 MHz 

I, ITI"151+1<lcl 

2.' 

8ROS 1"o11.,,11\("1 
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liRC( ofT .... BRcr .. 11-<1 

Ikfthloabbuf 

Sf'rln,t R't~l" um den Wtn OU~1 bill 
('an)' ,dol5cll. 

P(' •. Pe + I + oIf~. bU. (Cl. 0 

EIn relah>.:f 5pn1f1j1: um den Wen ofhtt 
""N ... ,~rulu1. f;JJl, daJ Cm)'·~hl Im 

STATUS- Rt,i>ICf SREG ~)(>s.,:hl 1>' Dtr 
Wcn .. ff>l:l "'IN .1. Z,,·clt1komplc_m 
tntcr-ptttocn . ..., (bB R'lamr 5prun,lt Im 

Bcrrich ~"" -6-1 bt~ +{>~ R'1a1;~ turn Pro­
, ..... nv~ pe IU'ildulm .. ·erden kOn· 
~ 

C=~~c SREG 

.... u 
c " 

L ""on. L \b<dunt!ll)lJu>(2bh SpNn~). 
L T.d,'unput. (2 beI 5pN0It): 
US n. !2~ ." beI SpN0l) bei g MHL 

I- ITI"ISI'I'lzICI 

"V'. 
BRCS off<oC'l lRa'" I 

funlhlW'l. 

[)alennuH: 

lidthlublauf 
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~llOr ~ .... 1.1.1\' um <kn Wen uU..." f.n. 

F"".:I, 

rt t- rt. I + "II<d. r .. n, Rd. Rr. (Z) r I 

trn .... Ull\n SI"\'IIJ um den WM on .... ' 
.. ",'..,.~duhr1. f.Jl. <10.. l.m.>-~1~J!: ,m 
"'-An:s RC'Sl"~' SREG ,.-..tut 1'1 Stdll 
"'('!on Ikfdtl un/I'Iltldh;.lr "",,11 <km Ik· 
fdl CI'. ('PI. SUD ode. SUBI. dann "'N 
dtr Sl"\'n_ nur a"'p'fllhr1. fall. d,e Vo'enc 
,n <kn Rf'I'lcm Rd und Rt ~Ielch .. nd. 
0., Weil off ... , .. "d ,1\ Z"·clc,kom· 
plemen, ,nlcrp,cllcrr. JO d~ß rclD'I"c 
Spr1Jnp' ,m lk"'I<h '00 -o.a bl, +O~ rcl ... 
,,, lUm J>r,.'gr.unm.lblcr Pe aU'jl.cfuhn 
.. en.l<n kM~n. 

1 oIOM' 

ACU 

Z' " 
fAd Ar?) 

SAEG 

PC-PC.oIO .... ' 

Iklchl<oabl ... r 

''''~ 

: ... 
1 Won. 1 \1_h'ßC~)lJu. <2 bt1 51"\'11$). 
I Turoml"'l, 12 bei Spn.rnJ!:l: 
12S "' t2~ 11> bei S"",nJ!:) bei 8 \'1 Hz 

I'I'I+I+ I'ICI 

i' • 

Spil 11 " _ .. WIll., , .... ~n , aRGE orr.t 
pi 7714 .. r" 

, .. ) Ib .. "5_0 

I!aa 1711$1:= JA • _ .. Wen offllll 
wint .......... s "5,111 srA, ws...........,.': '7_ S&dlt 
diei '! I Fa· .. - . , ........ . 
fftdCP.art. ...... SUBl ... WIrd 
dcr5po, .......... __ . 
"IM I 111' ' ........ 71151 b Rd 
"Oller crder aleU .. t'Ofletdte •. 
t'dreft., Wert ie • t I Rr III Der 
Wmolf ,7 .... Z.,[2"·' ... ' 11 
,n.npmieIt, to .... I 11 .... "7_ ,r na 
OrrC-Ieh Y08 ........ io63 relali., 'uM 

Pr~ 1'0 5 I, -"1 •• du. 
,~ 
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BKII <': off.>l'l Sronn,., ~I .... um den Wen ofl~ b itt. 
lI.llf·('wy gelO\Chl 

1'(', Pe .. I .. "rr",l, rllh 11 0 

!:.In ~laI,,~r Sprulll um den Wen "f1-.:t 
,.,nI a~'F"fUbn. bll.1b:. IbH·CUT)'· Fta~ 
,m STATUS· Re".'to" SREG ,.,lö!.clu ,". 
Ik, Wen Olht! ,. .. d all Z",cle,kom· 
plemen! ,n!np~lIefl. 10 daB ,dlll'e 
Spnln~( ,m Bm:",h '00 ~ bI ... 6J ","Il · 
,,, .um ~mullitr PC" au,,.-ful"ln 
"enkn lön""n. 

SAEG 

• 
pe-pe ........ I 

.... 

I W ...... I \1_h,,"ltIl.!) kl11l (2 ba Sprun~) 
I T.lumpul. (2 ba Sprun,): . 
1!5 M USO n, bei Sprun,l bei S \ II LI: 

I, ITI"lslvlSlzlcl 

8dehlubllUf' 
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11 IU I) OrTlot l 

, rogWnm'PI' :heI 

7 

sm' ir R'l~h'· um den W~n .... fh .:l (an, 

IllIC'rTU~' ~l'lt ~1i'lI<b' 

pt' ,_ pr -+ 1 -+ .... 11 ....... fall. I s () 

bn ftUlm:. Spn",s um den W~n ofl'<.et 
.. ,niI~sd\lhr1. f~IL.!b.1 OloNl l nt"""~ 

H., ,m STA TUS-RC'J",H SREG gt'1&.o:1Il 
,>I "" Wen ofl...:t "lid <tl. Z"'~lCfl,w· 
piemen, ,ntupfe"':". ~o d,S rel~tr'·t 
Sf'!\IfIIC ,m Ikrtoch ,on ---{r4 t>r. -+63 fd~· 
n~ {um 1"roJ000001TlI1hI~r Pe mll.gcfUhrt 
"rNcO lonno:n. 

.. ~ , SR EG 

ALU 
I -01 

• 
!PC - PC.oIIMI., 

Ikfthl~r 

62 

,.., 

] w<'l1. ] M_h'nnvyk]lI' Cl bc1 Spru.n~ l. 
] T .... ul1lpoJ!. (~bc1 Sprun~), 
]2S n. (L~ .... I)t', Spru.n~) Ix, 8 \1111 

I , ITI"l sl'I'lzl'l 

IIIIIE oll\( l - , 
"7 _ ....... I1 fIlII IRJI! oß'Id. ':1-4 ~_ aB W. 

fun\U"" Pe fit ... ·r. l1li11 I 

OJJcnnuß, 
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UlI.I,O o/T.tt DRlO"tf'<1 

hnlll"n: 

I~hm""", 

D.>1.nfl .. 6 

.. 

\I'f""" "'ta"~ um &n Wer! Qfl~ r .. n, 
nlcdu~1 

1'(" .... I'e ~ 1 ~ ,,«'Ort, r~n, Rd < Rr. ( ... L 

bn ...,bu...,. Sp<\I"/E um den Wen on~1 
"",d ~U5~duhn. (;tU. da.. Carry·~l~, im 
STATUS· RC"Ji"("f SRI'..G gc<ctlt ". Stch! 
Ih'« BeIdlI unm,ueLb.v n.xh &m Ik· 
Ichl 0>. CI'I. -Sl"B ClOn SUBl. dann '" ud 
d..r Spnln, nur _~fUh.n. bIt. tkr _01". 
,,,;':Mnl.- Wen ,m Re/!,"!er Rd ... cd.-.. 
,rr 1,1 31, d..r -.urttKMnL....., Wm Im Re· 
",tc. Rr ", [)cor Wen orr,cl "'ud at. 
Z"'·e,erl.omrkmcnl ,nlcrpr(',en. >0 1la8 
...,Jal"·( Sl'f'\ln,e Im Off""h "on -64 t>i~ 
<6.\ ...,t.UY fUm ProttQmnv4hkr 1>(; au,. 
,dUhn .. tmlc-n 1011""n, 

, 
" 

I WO<1. L M ... ",hlflml) IJ .. \ (2 bt. Sp<\IngJ. 

I T~lMI" .. h (~btl Sprun,l: 
12~ M (ISO '" bt; Sprun~) beI 1\ MI1> 

I. I, 1"l sISlslzl{! 

2.' 

II MI r "Ih.:! 

h .. ,lu" .. : 

1k-w:hn:INn,: 

DalenfluB: 
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ßR~II off"'::l ORMI 011_1'1 

, 

Sr<'II$<' .. \:Iam um okn Wtn oll .... ' bllt 

ntp'" 

!:on ",Iat .. n Spru.., wn Ikn Wen 011-':1 

" ... d "~J<'fuhn. (,11\ d.a~ l"t,~m~.H1' 
un STATI,;S·Rt,"ln SREG I!c<clll .. 1 
Ix, W~rt ofhel ",r(! ~I~ Z"C'N~otn· 
plrllleni ,nlrlrrCl!crI. lO d.a rc!aLlH 
Srrtlllj:( Im Bere .. h "00 --64 t>j. +6~ ",I~· 
LI' llUTl 1'rof;,""'ItLI.:ah1n pe Ju,ttcfuhrt 
.. enltt! koancn. 

.. * " S REG 

ALU 
N .. 11 

• 
PC-Pe.oIl .... ' 

Ikfrhl..-bl .. r 

I'Lo".: 

66 

,., 

I W.....,. I M_h")(Il1)~lu'lH>aSprunll). 
I T~~umpul, (2 be, Spru.." 
12S 11. (2~ ru bei SI'O\II jI:) bei 8 .... Hl 

I.IR:-'I: on ... ·1 

!)~I~nfluß: 

S,.II7. r,' I'. um dc. Wen ofI'kt fall . Bk"".: otrwe 
..... Ideb 

PC t-- PC. I .on: ... ,. Rd .. kr, z _o 

ElII ~_ Sp-un, II1II den WffI o/J~ 
wini _1IjC1'Ihrt. 'alk 4M Zno-fbl ,m 
ST .... TUS·Rq:il'tf SREG .ela..:.:ht "1. 
SCehI d ,8tfdll_iIlaelbar RKlldrm 
&frhl CP. C'PI. SU8 oder SUB!. dann 
....ud _ Spn.mJ __ -JC'fUhn. fall. doe 

\\\a .. m'" ~ Rd lIDd Rr ulIJb:h 
,Ind. Dl'I" Wen oIfsel .... lrd 1.10 Z",cln . 
komp' FM i11ll11eljAt!>(It. 110 daI «"Iat" .... 
SprlllIJ" im Ba".;11 von -().a I;q, +6~ «"la· 
:I~ rum ProparnmzIhIer p(' :u.o.~fUhn 

wndM .oanen. 

• 
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8l1.PI . olT~1 

Dalrnnuß 

-~f"1~ .-rlal" um dc:n WOfl off",. f~lll 

1"""'" 

pe, f'(' + ] • "U....,.. fall .. ~. 0 

bn ,.,lo., .. cr Spnu J um dc:n Wen on",. 
"'1Il1 ... "",fuhn. r.11. ~ ~~,;aI"c·H., 
,m S fATUS-RCf"tct "ROO ~~k>w:h. " •. 
I)t, Wtll ofht .... ud al~ l"'t,~r· 

~omf'kmcn. ,nl"V',"n1.. so lb8 ,.,b ... c 
Spnln&, ,m Ikm~h '-00 ~ b"..o~ rda· 
u. LUm l"n:lv.amnuahln Pe au~idUhn 
... ~rdc:n l{lnl'len 

SREG 

• 
Pe _ Pe • 011>41 • 1 

.. 

I Wort. I \ ' .l..-htll<llZ) llu._ (2 b<-o $1"""Jj, 
, Ta~ttmpu" (2 ""'. $1"""'); 
, 2.~ '" t2~ "_ "",, $1"""$) "",, 8 MH • 

ßR')11 "n ..... 

D~t(nnuß; 

Famll" 

SjIi • pi h. _ dnI 'Nm otr~ ,.... BM.SH on ... 
sJeidI odDr ....... 

PC ..... Pe. 1 ...... rao.Rd ;.. Rr. C ~ O 

I:In rdIlMt SJINIII um dnI Wm olJ~ 
_ct pftlhll, falk dItJ CIn)".Aa,: im 
STATUS-Rtthtrr SRF.G .dOlC h. nI 

Steh! dH P-fdII_ncn.r nach dtm 
Pm\) a. at. SUB oder SllBI. <WIn 
Winlokr Sf:= ....... ~. falb öct­
voneK"lItnlow Wen im Sk&illt,n II.d 
".., odtf Mt"j deIII .-orui<:lwillotnl 
Wut l1li 1«,: I ;r lI.r iq. Der WOfl olfwt 
... ird als Z.-cierkocnpkn ... g in!< I V'<~n . 
10 dd rdalive Sp1J1IjC im lkn1cb ..-.;)11 -

64 bil ~J n:laliv ~11111 ~. 
pe _FfIIlwt . 'erde .. kllMcn. 
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aRT( 011>(1 ß R1 ( oll ... , 

Funlt,oo 

'\I"'"~ ",bu~ um okn Wert ofl'ld fal" T· 

n..,~b' 

p(' t- p(' + I + 011'<"1. faU, T .. 0 

bq .... lall'·(1' Sprun, um dnI Wen ofl'<"l 
.. ,ni ~",.rfuhn. fall, cb., Tnn,fcr· 8,1 ,m 
S rAnrS·Reghlcr SREG ~k>6(h' '\I_On 
Wert oft..., ... ,nI.>b Z" .. ",llomrkmenl,n· 
lelJl"'ucn. iOd.a6 .... l;all' .. Spr\ln~e ,m Oe­
~h '00 -64 bn +63 .... 1311" ,um f'n>. 
.... nunt.ahkr I'C ~u." .. f\lhn .. t'nkn kon· 

M" 

SAEG 

• 
pe _ pe.o/IMI., 

1 Wl1rl. I M ... ""h'firnl)klu\ (2 bei Sprung). 
1 T"\',mpul< (~M. Sprun,): 
12~ n. (2..so n, M' Sprull.ll) t>eo 11 \t 111 

I, 1·1 ,,1 , I' I, Iz Icl 

IlIHS .. fI.n 

h nll'''''' 

OalcnnUß: 

2.9 Der B.te'''17 IZ dir AVR lI'''iiOConlloiler Familie 

SPhdlt reIIItI~ Ullldtli WMotrlC4 fall~ 1- BKlS oft .. , 
H." dLI 

K ..... Pf., +oß"".fllJl,l ~ 1 

EIn r.-~ Spn.q\J IUII dI:n WnI oIfsei 
"'trd ...... fIbrt. fallt dM T .... .,(1'·8" ,m 
STARlS''4Id" SREG Ja.dß ," l>n 
Wen oft_ WYd ab Z .. e .. 'lofnpIc'lItl'll .". 
leIpn'Ucn. todd reI.oI •• c SprOflte .m s.-. 
.... ich _ -4101 toP <-6J rdoI,. '-um Pr\ • 

1V..arN.IbI« 1'(- -It'flthn "tode" ~(\A­
~ 

pe_Pe_ ...... ' -
1 Wort. I ME' 'N' ,)tMQbaSpnollfJ. 
I TaUi....,., .. a bei S, 2 &); 
125 ldI (250. bei! Sc . Eil bri' MHa 

IIITlolslvlo,l,zlcl 
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BR\'e (lft""l ~I"'n~~ n:l.>u,· 11m .xn Wen ... n""l bn. 
v 11., "lorch! 

Pr .. Pr .. I .. off..,.. lall> V '" 0 

hn n:lau'cr Sprun~ IIm.xn Wen 01l1o.'l 
",rd ~u,*dUhrt. r.tll~ d;u Z"cI~r"om· 
plc.mcl\l-lJt.tft~unl~g Im Sl'An;S-Rc-t:I­
,Icr SR,E(; ",'Mehl "I. 0.,. Wett off""l 
",rd al. Z"c,ffi<omplc"",n1 ,n1n"("11l:l'nt . 
... w.a ITbll\'C Sprlln~ IIn Bt"'"Kh ~on 
-6-1 bol tttJ rd .. "" lUm Protu=m.t..lhl~r 
pt' ~u.,cfllhrt "cnkn \ooncn. 

PC-PC,""".1 

n 

I Won. I "_h,1lCl"ll) "'11\ (2 bc. S"",njÜ. 
I T ullmpul, t1 t>cl S"",,,,,,; 
I H IU (250 IU Ixl S"",nJ) !xi 8 M fit 

1,1'1+1'1,1·lcl 

2.8 DIr ............ CGUiliOILU FMdI. 

lavS.m I 

l-un~HOO_. 

1}.lcnnull, 

+:-

$111 

8dchl\)blauL 
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» ... ~T bl! 

Ilcrchh."blaur 

74 

SREG<bn> .... ] 

Du FlI,mlkr !>oJ'u ..... bot "'IR1,m STA 
r US-Rt,,,(cr SRF.G 'f'fL/! Mn <km 
Wtn toll bI:k .. ~h~ "'1~, im STXI1;S­
Rc,iMrf odtnltCml 

-
I Won. I MlISChlllcru.ykhl\. 1 Thi;(;mpuh 
1~Sn.bf,~ S1I1 L 

O,u(nflu8: 

AlU 

T .... Rd 21_ 

; DerBd+hsIl'IW.u.. 
R : n ...... 131 R : ""'$1HIIFdclU 
" p': 

I WOrt. I Np -"7 ,,)tla.1 TILkwnpuIt: 
125. bd I MHz 

L!..I~:,V N Z 

."iT .dblt 
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("AU .ddr 

Rn,; hrfibu."lO' 

Iklrhl-.ablagf 

76 

.... ufrul f,nn llnINprOItT~",m. an oJ~r 

,\~ard<lr 

1'('. lIJdr 

hn l'~''''''' In der A~ arddr 
.. ",i .ur,.,rufen. IX, um l"·~' t.hOh'C: 
~l:lh].,. I'C .. mi ~ur Ikn S ..... k 
~ll<Ibtn On Prolt"'J'Ul'lllhk-t ... trd "", 
der Adre--c..sdr ,", (}por.ln<kn ,eI.>o.kß 
0 ... , Untt'I ..... .unm kann .i.;t> on e,na' bo+ 
lrtb'ltfn .... drt.-.c: ,m I'n.>p:Imm.pe,dlef 
I:w:(,nckn (Nu"mATmcg~10JJ603,mpk· 
"\Cn,,,,n.) 

~ W<>nc, ~ 'l.c!.ChinmLykl~n, ~ T ..... um· 
po.rl-.c:: SOO 111 t.... g \ llb 

"'-u 

Bdchlul>laur 

...... tr3 • :., 

I WG\ 2 t' I !:, 'T'J'daI. 2 'l'Uum· 
pulp : 250_beil Nlb. 

('.' l'1DI1.WIi 
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0111. II.d.ma<J. nul. Rd.m~.~ 

D~tfnnu6 

I-1ap: 

78 

... u 
.. 0 

L..ow;ht (,n 0" Im 1I.(lht~r Rd. 0 ... 71114 
.... Iltnd< H,. "",j ml' dem Wert nu,..J. 1I"J,a" 

J.lm SolL I . B iU.< B" J Im ,tlo...h. "e'· 
<.kn .... mull /NI'\' dnI Wert QOOOIOOOb 
Ib,nllf) \ .. " SOl\ Iht~) annchnxn Ocr 
B~lchl ". t'\Ir dIe R''tu,tcr R 16 bt< R31 In 
drr ~n Illlft~ d« Rq:",cr·hlc< zu· 

I.lßtF Dt. WCrt ...... '~ Unn Im Ikn-Ich <on 
o bu 1S~ Ilkll/NIl) Itq:cn 

R" -
I WM. I '1_hl"""'-YU"". 1 "1\.I.l1mplll\: 
L~ 11' b(:, 8 MI/I 

("L ( . 
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( 111 1,:1 11 

I ",nluoo 

Ik","""t>u.., 

D~ .... nu8 

ßdchlubl~"'r 

80 

l.o.<.ho- tI.oIf·(alT) 

H' 0 

Dlo I blf·Can')'- F\aj!. ,m STATliS·RC1i'I .... 
SRl:(i ""mi ",loOo<hl 

"-U 
H 0 

• 

I Wort. I "''-'''hm.n.t.yklu., I Thkllmpul~: 
125m tx-, 8 ~m( 

nl IC 
( 'LI 

hn).IIOQ: I • 
Bno."",,IIun, .. rurus-

2 711' 

D.alrnfMI 

I., 

.;..I. :..L:.L:..L:N:.J Z I c 
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ns 

I" .. nlu ... ,. 

82 

N , "0 

I> .. , ~..,.lI"~f'l,, ,m ST ... ruS"R~"'fr 
SREG ,. ,ni 1""""'111. 

I W''fI.] M~II'''''IIl~l;.lu<" ] Ta];;umpul" 
1~Sn<~,H:-1Ht 

CI RRd n ... 

JRlfllfl .. 6: 

aaD 11 
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n ... 

S ,- 0 

0 .. , s,.c ... .l·Ha. ,m STAll1S-Re.illrr 
SREG ",fd ,c\o.ch' 

I WorI, ] M_hl ... n.t)l]lIs. 1 rullmpuh: 
125 n. bc:18 Mltl 

CLT 

Ikfchlu\'>lauf: 
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CL\ CLV 

h"'~!lorr 

fl_hrr,lIuI.= 

1)~lrnnu8 

Oefthl~"1auf 

86 

1.(1, d'k' \ nl~ 

\' 1- 0 

Dn 1"","~(lQ\l'kmrru· UI>er1~uf I ncb~;a. 
,'" ,m S rATUS· Rq'.'<'1" SRF.G ",rd ,e-
k\;.<hl 

SREG C 

" 

I ""on, I MiI1<:lImcnl)llll\, 1 Thktin'puk 
115 IU~' 8 MIl( 

..... 
"'~._-_.' -, , ' 

n..z 

FUf\~u .. n : Z .... 

Ik><; 11m \>oIni;, 

[).au'ft null-
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CQMRd 

'LU 

88 

0 ,1« da' b""r~"",!)kmcM !k. RCju-t<"O 

" 
Rd I· SI-!' Rd 

I>IL,,,,",,,\.ompkmcn' au~ dem Inlu.h ein 
Rc,men Rd ""d ,d>lkk, D;uu "' ud 
."'" ~on.u"'(n ..... rn SI-"l' Ihn}«r IwH 
,10" Re,,,,m Rd ,ub!tah,rn [)", Ikfdll 
'" hl, .ne Rc~"," RO b" Rli ,m Re,,­
'1c,-I-,k lul:a.,,,&. 

...... nn .• M ... ",hlllcl\lyklu<. I Tnump"K 
12S 111 br, g Mlb 

C' P Rd.Kr 

..... 
Der'" •. ' R4 S _1IIt wadoow , 1''1 0.,,*, .' , 
RLI' unv' ...... Elf. 
fdIIV' A" 7 h . 5 i.Ul!' .,.. 

bd' ..... t's DIrI" '. III'IDrIte­::a: 12 10 IMI PS, ..... L ·RJu~!" 

, 

I Wort, I " I b F J" , 11)bi'llJl')lo; 

Ilh .... MI& 

, 

( 'P Rd.Rr 

• 
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cpe Rd.Mr ("1'(" Rd.R. 

D>lcnnu8: 

SREG 

Ikfchl'lltrl "I 

90 

Rd R.· e 

Iln I ....... h dIIf R~''''tf Rd und Rr .. ~rdm 
",,!~,!UP<kr Hf,hchcn. D.at>d • ... lrd ~u.;h 
da, C .. ,)-~la. elnbrcottcn IX. Inh~h 
brldn Re,"'rI" bleIbt ~rtW.cn N....,h ol, ... 
1tm Bdchl l(lnllCn JlIe bN,n,'e "er· 
... ci,lU .... t>tfrttlc fol~C"!I_ Der Ikfdrl 1" 

hlr .11c R,"Ntf RO bt. RJI I", RfII"'n· 

hl~ lulb"l· 

AlU " . ., 
'" 

_-;;;;~'" A3l 

1 \\'QOl. 1 M~"'nc:(1) ldu$. I m.impu~: 
12Sn.br18MIIt 

0 '1 RoJ,K ma, " • 

OI.cnfluß: 
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(I>s}o: Rd.Kr 0"\1, KJ_K. 

1)~I<nn .. 6 

\~1cK1w 1I~(tl'lcr Kd 1111111. und <pon­
J~ lall. PtK" 

Ikt Inh.olt "" IIC'JßI" Rd .. oo Kr ... ~'<kn 
IllIln!lalldo:. '~r(!h~lwn $,00 ili~ 1nh.!1'l:' 
MIdrr RC'Jul~' .. Ic;~b .... ,td "" (\.11;". 
ßdtlll ubcofWl'p'1\. lI.uw.kh nll.1I beIm 
~1I'I~n Ikfcltlllm~.n bn ... twt-Iklclll . 
• ,n,! dc1 I'futtnunnuahlcr pe um 1"'~1 c.­
lI0II1. Ik. (,ac .... L"'cl .. 'I)rt-lkftlll .. ,td de. 
1'n>Jfa/TU11l.ab1cr um 11m .. hOhl Oo:r lk­
khl 1'1 IUr Ilk Kc~"t~r RO tn_ K_'! ,m 
Kc-,,,I<"f- hlo: l .. l~g_ 

• "" 
Pe - Pe. :l\3\ ." 

1k1eh1 ... bI.nf: 

I.,,, 
I \\,,". I M.as<;l''''C1\l)1d1Zl.. 1 TalllmpJh: 
125 n. \>ci \I \111, 

Ikethl .... bl .. f. 
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~ 11"\ II!"\! 

OlitnOu8 

94 

I .dr R~,i~"" 11.0 m".,"'ltm B> I., ... , <kill 
l~n"pc,~OO. auf t.ba <kr Z·P,,"nl~' 
unJ RAMPZ 1C'1C'n 

11.0. (/..II.A'11"1) 

I ~I R~~j,,('f 11.0 u>d .. t:ll m,l tllwm Blt., 
_ <km 1'rof...",m'I'C'ICOO. d:l> übel' <kn 
InlI.1Il df:'<, Z-Poom(n IRJ 1 • RJOlund <km 
RAMI"/.RtJi!ol<'1' ~"1C'f1 ""ni, In &r 
P'''Il .... n''mpc'cOO lt.-Bu bKlI iR ""ni 
ub« da> LSB det Z -Pulnlo:ß a"".,,~brn. 
ob das oben:: ode. unl= O)I( ck, Pro­
pillllm.pc",~ ,n da> R~,'~r 11.0 ,d3-
Ikn ,,(.urn ~II I" da> LSB O. >0 ""ni 
tb.. unle~ ß)',r ~13dtn, Hongt,rn "'lid 
be, I du ohc", B)'t ~I:>dtn ~r Otkhl 
.. I nu' hlr da. Rel"'<'1' 11.0 ~u, <km Rrl'­
.,t,·hk 1\11:1.'''11' Mn RA\'PZ" 0 ",ni 
.!Ho unlC"" 64KB)Ie-~. RU, RAMP"l, .. I 
d,~ ~~ 64KBylc·Pagt de! ATn"'SJ IOJ 
.>drt'<>ltn (Nu. im ,\Tmc,al03) 

1 Won. 3 \h",l\lnclU)l~n. 3 Tuumpu!,. 
)7S", be,!'i \111, 

11 Ir I" I, 1,:.1 ' I, lei 

~Olt Ild,M,. 
KOR· ... •• .-

OalcnfluB-

Ikfthhabbuf: 1 
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1("\1 1. [("All. 

hn~'''''' 

KolKNT,t... , : 

Ih'tnOuß: 

I· ... 

,. 

1""'''''~'C1" Aufruf C,DC"\ llnl~r;1mon." 

"' .. RllR:IO 

bn llllltrproJnlllm an dC1" Adrt"!-'C • ..,r 
dIC' dC1" lnh.oh okt f\\IF' " Z IR'l R.lOI 
l.el,l: ..... ,n! ""r(l:C1"\lftll. 1)(1" um C"II'~ m..."," 

It Pro-&fW'II'U~1<-r Pe ... ,ro .uf den S'.><l 
lI"v;hohm Der Pwpall1mLlhkr ... ,n! m,l 
,Jn ... dr" • ..., ~d;od.cn" <I,,, ,m l'omlN '-
rIOl.RJOI.trh, i)J\ IJnltrpro'flImm 
~.nn IKh "" """" t-..hd',g(n Adrnw ,11.. 
nC1"h.tlb tk, (4)( W"",, ,m Proilllmm. 
'p<".d"lC"f toel'indcn. (NlCh. ,m AT90S 1200 
,mpkrnmUC"flI 

1 "'on" 3 M.lKhll'>c-n,~"I"n. ) TIIL'"/I." 
pul"lC" n~ 11., btol8 \!HI 

U\II' 
UIIP 

hon~ l"lfl' 

Ik"ctI'f ,bduJ: 

IblrnnuB 

8dd\l~Lauf. 
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l"i Rd .I'.,rt 1/\ Rd,!,,,n 

I'unl uon 

D~lcntlu8 

,,== 

"""'---

-
7kfchl .. hLwf 

98 

Rd ,. l\W1 

Ud"n da. R(*i.'a Rd d<n Inh;o]. de1 R(· 
,i.,(1", .'(]d.cI "ch .m JIO..AdrWr~um 
l><ti!ld<. und dunch drn W('I1 f'(>n ad~· 
.. ('11 ."d On Ik((hl ", rllr alk R(~-",cr 
RO t>ol R)1 .m Rq,I'crl',l( LullM", D..·r 
.... ('11 Pun It..>nn ,m Ik~..,h IQfl 0 bss 6~ 
(drlllNll II('~n 

1==='''' 

I Won. , '1."",h,ronu~);;]u. .. L T~);lImpul< 
L:!j nl b(" 8 \lHl 

tNC Rd 

f'un~h"" 

])~lfnnUß: 

, .. 
'aiR Co;"" 

Rd"'Rd+1 

Drr .......... . , ' 11 Rd wird um ftfI1 

". I L 0. Er, ! ru Wird m du 
.,' , Itd "", P " Lo..Carry_ 
n.w.l1KIII ~ 'an ... cWldtr tk­
teWla! 'Ui'eaft?r.iI 'FiKllr8c.«h. 
77'7 " d Ullt ..... m. Der Is(' 
B.leld.t 11' I bei ~ ... ud rkwn Wrt • 
... _ .......... npra ~,"" ... n"r 
t dtN •• BREQIIDlI BRNE k r 1,,'nIl rUr 
'.IIIß1fD WenkD hl.,c~n W(r7t ,n 
Z ... t ... k ;' , 4eehlfllan.'awcaoL, 
,.~ .. " .. leWa .... 'luzaUpll"bdclllc 
rar _Ud "7tli Wa .. "" \'rrft7r 
JUlI. Der BdrH lIr ,. .tJt: Rtp._rt RU 
bil RJI un ,., refik: rullPi,. 

_. 111 ..... ·1 .. ' .'. 

aoa rlI 

INt· R4 
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"" 

P(' ,- - .,jdr 

bon SpnlDJ tPM A<Jre<..1.C' lodt1r ... ,rd .U-'tt~· 
1'\Ibn. On" P,og, .... nuahkr ... ,rd mn der 
Adorr--\e alolr (22 8., IuItt) ",Iadm_ o.~. 
'C"f ß<,f~hl Unn an cu.., ~hcbil<'n A~ 
..: lruontWb tkf olM Wone ,m Prognunm. 
'!'C""" >Cl"it ... .."lt''' (~OIbc;'t"e1 rUr LU' 

~unhl~ I;.r.o.e,'""n~n)_ 
(NUf Im ATmeplOll603 Imp~,.....,niJc"_l 

.' 
2 Wane. ) M....:hmelll.ykkn. 3 Tunm· 
pul..: 315 n, bc;, 11 MHt. 

Ul Rd.X 

ß<,fehh.ahlauf 

2.'0. 

Rdo-OO 

LIdl"_Rrl" R4_B~_Oc'" 
SItAM, • "5 • do _ Wen da X· 
IWslr (Ill1:1t26, A ,.; , .,rd. 0... 
BclcM •• llel:es'r RO~RJI iIn 
R s' 7 &7" 1_0.7 'an1hufo. 
SRAM .,., die ldcUiate 64KB)U· 
.... ' . P 'I (Nid:p&,. Anosl~OO 

m41z l ' 70.' 

I 'Non. :I M . t 7 "u... 2 TuFim. 

puIKo. :so. bei • MHz 
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LORd..X+ 
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-
Re:<h:","h.., .. ! 
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1"'- Rf~"lfl Rd ,ndlrdl Ilbn" X-l\>lnl<1 
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Rd. - (Xl; lIl'Khhdlcnd)l;. X + 1 

u.t: ,n Ib. Relt":tr Rd tIn Blle;w, <km 
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Pum:er (R27R~b) ..t~"en .. ",1_ An· 
..:hhtlknd "lftl der X·Polntcr \In! flDS 
,nu"mt'flhfn Ikr ~fehl ,,: fÜf &l\c, Re. 
"':<r RQ bI~ Inl Im R"'''l<r-h le ~ ... I.t. •• 
"It Der 1.u!t"(J .ur do..~ SRA \1 1': J\I{ d,e 
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"'" '" 

- +---"'''' 
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pW..e, ~ n, beI 8 MHl 

lORd. X 

D~lcnn\lß, 

-

...... !':~S'::"~' !"'~':I'~·~I1~.1 Ibn" den "IM _4' [ ["' ... X ..... Mer 

X . X _ I. TOlL' 1 R'h- IX) 

Der'''' 'O"X pu I 'IW R26)"IO""mi 
II1II_' 1 :m 7.'tAllodllweco"'.vd 
111 das !teptcer Rd tla Bylc .\1, dem 
'UM • t1z, L.· I duld! oka Wer"! 
.. X·f\ 'cU- (IU""I,Rl(i1 adrnitm ... onl 

Der l:fM iII: ftIr""1c Repom RO bio R 11 
Im Rtj"er.1'IJr NI"'I' On l.ua:nll ad 
_SItAMw:uillrodektocmMKB)fr. 
... tr 'g" IN"Khl "" A"NOSI200 

I \Von, 2 M..ehiDeU)'k1cn.. 2 Tatum. 
pul.,..- 2j() 111 bd • Mib 

I, IT 1"ls lvi_I_lei 

Farn"" 
1_0 Rd. , 

'Ge 
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1.1) Md.' I .. D Rd.Y 

h",~uon· 

ßC'<hrclhlul,: 

D~I<nOu6 

'0< 

l ...x ReJ"'Cf Rd ,nd,,'~~' Ober r ·l'Ilonlc. 

Rd. n' ) 

I Ji,J. 1Ild.l. Rt,"ICf Md e,n D) .c .u~ de m 
SRAM ... d~,," durch den W~n "" y. 
p,lIn'''' IR29. R211) adre",nt .. ,n! On 
Ikleh. i., fUf ~k RC~"lrr RO l>I\ M." tr" 
RCJI.lt. · ... tc tU.l."'.!Xr7 .... 'nfT ~ur dn 
SRAM .. I luf die .c'dumc 64 KByIC' 
Palte bc>chranl l (I"och. Im AT90S 11OO 
Impkmcnoc:n .) 

L Wort. 2 \l llJ(hlncnlyklcn. 2 T\l.k 'im. 
""he l.SO n. bei S M 111 

U ) Md.Y. 

~un~U"" 

IkKhmt>un,: 

(b,cnOul! 

... 

..... R .... Rd 11101",*. Ilbn Y·f'IlIrRt. 
UDd I~ Potllkr nao:~, 

Rd .-.YI._hhtPa! Y,. Y • I 

l...Idt In da. llt'llmt" Rd nn Bytt """ dem 
SRAM. ~khn; ~h ... W.., .... Y 
PooIIkr IR29,RlI) adreuien ... ,n! An· 
Iebl.1Id .... ,tI der Y.Po'n.rr um .,IId 
.~ Der Bd'chl 1'11 fDr IlIk R~ ''*' RO bil RJ I 'm RC"tWrt- hle 1lI1b-
",. Der Zup;tr auf dIIo SItAM 1>I .. d doe 
~kl"'t"c 64KByl.,·Pal" beschr1n\. 
(Nic"hl un AT'90S 1100 implt_Dlie-n I 

L 'Non. 2 M....:h,ncftlyklnl. 2 Tüum· 
pulle: 2X1 DJ bei 8 Mt.z 

1.0 Kd. Y. 

'GO 



2 Die AVR-Mlkrocontroller·Famlila 

lORd. \' I[}Rd.-Y 

FunktlOli 

• 

1. ..Jio Re~"ler Rd uldlrekl 11M' ck'n um. 
('IM dd.TemrnhCTten y.}\>Imn. 

y. Y I, ~tlhdlend Rd .. · (n 

0., Inh.alllk, ' · ........ nlm.IR~ R21\) ... ml 
um fm11k~rnnIIlCfI. Anl.Chllrilmd "'IN 

In d~, Rt"Sler Rd ein 8)'IC au. dem 
SRAM ~Iaden, "ckha durch Ikn Wen 
~ "·F\lInle~ iR19 R~I\J ~Iffl ....... i 
o.r !X'ehl "I fur alle ReImer RO I;>j. R' L 
Im R"J"ltf·hk lulh",_ 0.. Zugriff auf 
d.u SRAM L!-llWf ~ ~kllierte 6-1KBY1C' 
~(M-.:tlrlnkl (I'i,<ht ,m A'f90SL200 
Imrlcm(nuC1'\.) 

H • 

. - - " " ... 

-

106 

-
L won. 2 Ma-.:tlllW:o/ykkn, 2 Takllm_ 
puhr ~ ," bei 8 Mlil 

U) Rd.1 

2.1 Der B' .... h.8IZ dir AVR MlktocClfltroUer F.mllitl 

SRAM 

.... Ilct:i- Rdllidtrd;llIbn Z·i><'oliln 1.1) Rd,L 

Rd .... (ll 

Udt llida Rqilla' Rde.n B)1C w. dem 
SRAM. T'd "EI doIR:" dIm Wen dn 1-
h· • (R3.'KlO) oIdrn!.,tn ... ird Ort 
WeN 111 ftIr IIi"'!lqi'lln' Rn bu R311m 
R..,m'·FIle zulll."" Der Zu".1f ~, dos 
SRAM uc .. , d>e ~kb~f 64KByk­"bt ... nk' 

_w 

I Wort. 2 Möebinclll)kkil. ~ Tal-um· 
pulte: 2~ M \)!; 11 MHl 

. ., 



2 DIe AVA-Mlktoconlroller-FamlUe 

LI> ltd,.l.' 11> RIU.' 

~"lll1"'" 

Ilnchm~; 

DolcnnuB 

Bdthl..t>lauf 

'08 

l.-k Re~,'(' Rd ,"""d.' über L,t>oontC'f 
u"" tn~~ontnnl"fC' I\>,n,c, nx~. 

Rd ,- (7.). ""...:hhdlmJ z. Z .. I 

Ud, 'n ..... Re,,-...:r Rd e,n DyIC a~ dC'fn 
SR .... M .. deM' dUI"h Ikn Wert Ik~ z· 
J\ .. nttn IR31 R:IO) ~"I"n1 "ud .... n, 
KhhcSc,nd .. ,nJlk, l·Poin,cr um c,n, 
,nlo"lI<n"«1 Ik. IkreN i'l flIr alle Re· 

""'f' RO bo. R 11 im Re!!,""'· File' .rullsz 
IlJ D<1' ZUplfl' ~Ur d.u SR .... M '" auf d,c 
.ele~ufllf 64KDY'("·Pa~(" be,,,h.~nll 
(1'1<h, ,m A1'WS1~ Ilnpk'mmucn,) 

IWan. 2 \1_hHlcntykkn. 2 Tal..um­
pul'\(: 2SO n. beI 8 M 111 

UlK"'.-I. 

~un ~h<'ll. 

Ikkluc,bvn. 

DolfnnuB. 

", ... 

-

.......... '" ..... • ... • AYA y.!:'OCOI'rttoI .... Fam''', 

..... P tin, Rd ,r;di;eli 1Iber""_ 1.1)1(4,- 1. 
II1II&" , _~n 7.,PoiIlla_ 

l.Z - I; FFHWdNd Rd 0-' ~l) 

lWht, .. cte.Z-PW . 'J(RlIRJO' .... nI 
__ 1' 

lwn.. .... tadIIttInId'A'i'd 
in das IUJi.IIteJ Rd an 8)IC a, .. <km 
SKAM • r' " ·4 _kbes <Ud! dc<o Wert 
... lA .... , i(RlI-RJO)~ ... on1 
On Bnebl bC ftIr alle: Rqi.,n RO b .. R.lI 
... ~·fiIr mIluil_ Oft LuptH .. l 
4u SRAM ist .. dIor Idd._ MKB)1C--

PIIe~. INidIt un AT9O!>I~ 
,rnpIeIOcIIliat.) 

I W"'". 2 Muchi-.z)tkn. 2 Tatlilll' 
pulK': 2:10 m bei , MHz 

,GO 



2 Die AVR.MlkroconlrOIl~"~-:F!.~m~II~"~ ___________ _ 

1.01) II.d. 
Y . orT"", 

110 

" un l "on 

1# R(ju'lcr Rtllndll\'~' uM y,Pvln'u 
m" 011'1(1 

Rd. t"+('Iff'l(1) 

I .kIlln da. Re,'>ta" Md el" 8}'( ~Il' <km 
<:;RAM ... ekho:, durd. die Sum ......... 
oJt,n w~" <.k.I ", ...... "~rn (R~R18) lltId 
<km wm "rr..-l ..Jrr"'ff1 ... N Orr Ik· 
fthf "I Wr IHe RC'li'tc' RO 1>1, R3\ L1n 
RC'JiSI~',hkIU~t DnWff1"ff...-td.;crf 
,m \krt .. h 'on 0 bI. 63 (<kllnW) hqen 
[kor 1.ul!f1n auf d". SRAM 1\1 ~uf dl<: 0('­

Itl,K'f\l' {H Kß)'U'·1'aI<:' bN;hr:W.I. (~,(hl 

Im A'NOS1200 ,mplemrm'ff1.) 

-
1 W.:on, 2 \1 . .\Chllw:nzyUen, 2 m"..,. 
P':'["', 2~", IK-, ~ MHI 

1.01) IId./+ c " 111 

D;ut nnuß 

..... Wu)1 Rdu' ,*,_z.l'blnen I.OORd. 
mal or I Z. oftMt 

ld .... (Z. 11ft' TI) 

LId! ... ' e' Hf Rd CD B)'IC' _ dnn 
SIAM,cE'v' "I,..SI nr_ 
ckeWm_Z,P . • <RJIRlO)uad 
4mlw. IM 11 A I...t. Dw Be­
ftbI .. fIr .. "C I ltO IM l!:ll tm 
Rep I .fIIt I. ' .. Der Wal: aft'.el darf 
ImB!'t!' '_0,",63(-' '1IlIiIlhtJCII 
On Zup;ft' ., dII DAN 111 ..J...., oe 
lek_MO,. .... tl ' •• ll1 tNoc:bl 
lftI AT'lOSllClO "11'( I "'!Cf! I 

-
I Wort. 2 MN ·h .. ·,yUcR, 2 T· ... ·E 
pulor; 250 _ bei I WIb: 

I, I, I_ I_ Iv I_ I. lei 
... 



2 Die AVA-Mlkroconlroller-Famllle 

LI)I Md,1i: U)I Md,1\: 

BdclLI ... blauf 

112 

lAd<' K~p.,('I' Rd m't «m unmmdNtm 
WC"11 I\: 

Rd. K 

1)('1' uoun,udtw'r Wert I\: ... ".1 on tb., Rr­
" • .." Rd .d#n On 8ddtl .. , fUr ILlk 
K~pu., R lb tol~ R31 ,n «r obt, <0 Iblft~ 
dt. RC'I,.,n·hla lulloOo",. IX. unmlnd· 
I\vt Wen I\: dlff ,m lkn,clL '00 0 bi~ 255 
(dtl'mlLl hC'JI<'o 

, 
, --- '" 
r " 

"'I OLL 

1 "'M. I M.N:h.LDCI1t)·ldu,_ I T~llmpuls, 
125n.btI8 \1H t 

, I)S RtI.-IJr 

Ool.ltnfluß: 

~I"""._~ LDSIld,z'I, 

LIdI"l'l7s UT '1_: BJIC 
.' 1· ............. \12 . .... 
" I , ...... 'O'.""bllIr .. b-, ... .,I.'i'" Ne". 

0. ............ 8: 

2 w...re. 3 Hp±lwlJÜ:' 3 "hkzim­
pulse. 375. ball MIb: 

c· 

\111 



2 010 AVR·MlkrocontroUer-Fomllle 

LI'\1 LI'M 

D.I1~nnIlB: 

"' 

I ...dt Re~"'er RO "',' e,...,m lIyl<' au' <km 
Pro$Iamm'l'C'"hff. ~uf <l\) <kr Z·...,.m~. 

'<"J' 

RO ..... {li 

~ Rc,,,lt. RO "><1,,,,11 RUI t,no:m B),<, 
8\1. <km l'n~r.llt\m,~chff. d.u 1I\>l"r!kn 
InlWl M!. 1- Poon'c~ (R~ I . R30) ~"'cn 
",ru O~ der Pro'nlmm,l'C"ch<'. 16,B,1 
t>rc'1 "', ... ,rd O~r ~ LSB dt<; Z'P<;l1n'~ 
.ul):l:~t>.:n. ob <1;0., ~ odo:r IIn,= B)tc 
de. f'ro$larnm,J'CIChc:~ on d.lS Rc!("'er RO 
I"ladcn ",mlcn.oll h'w.. LSB O. w ... ml 
ib) unll"fr B)'e ..,Iaden lIonge,en ""ni 
~, I <1;0., obe", B)le I'-'Iadcn IX. Bdclll 
'" nur fur dn Re''''(t MO aus !km ReS'­
"cl·fM 11/13"'11. De. 7-"lIrilT ist ~\lf die 
("'Ien _l2K.Wonc Im P'opwnm.'pc,cllcr 
I:oe1.clvlnlt. (Nlcll, im AT90S 1200 ,mpl<'. 
mc:ntkn_) 

1 ""'<.)n, 3 M.ucll,no:nl)kltn. 3 Tal';m. 
pul ... 375 n, be, R MHI 

I'st. Rd 

fllnluon: C ..... '<b .'<7 t)o .... 'd<6 0>. 
-~ .. 
0. ... '1_'Ie' I iRdwud __ 
SwlIoI;gI ~"'''''Io:bob .. ~o. 
bd..w." * .. 8M1 .... Cury· 
<:1::.0 '1Ir1 ' BilOdlotRc, , Rd.,-' '-,_ $ u," 

lIIiI 0 11"0 .. ,,:18 ... PI N i Bddll ndQ, 
phP'O'I _ flIII r, I' t JI\U Ion>. [)u 

8cfdllblllrllllP', 7 ' ROböR}I ;m 
R~ b. 

IWOrt.1H "7 
IU ...... MtI& 

2' _ 

Familie 

... 



2 Die AVR·Mlkrocontroller-F.mllle 

ISR Md L~R Rd 

fun~tI"n; 

11 6 

~chl~t>..- d .. Re,:"'cI Rd lo,:",h na,h 
rn:ht. , 

C, Rd<O>; Rd<o:O> f- Rd<7: I >; 
Rd<1>. 0 

[)er II'IIW, ~ R~~i'lc" Rd .. "d um nnr 
Slt:lk Iof;,w;:h......,h =h~. S<"><~n In­
bf, "'ml!b [wh o.b 0" 0 In <b> ÜUT}" 
n.., V"'ho.*'m BIt 1 ~ RcJi_ICT Rd " .... 1 
mu 0 ijb(ndlnebfn. [),C~I Ikfthl d,,,­
d,m (,I>( 'QrI(lCtI('nkN: dUlch l"'(1. o. 
(":ury. ,"1~ hnn lum Rundl.'n llcrllllt:c/<) 
",n "erd<n Ikr Ikfehl i-t fllr ~k: M~,· 
"Cl ROb<. R.1I ,," M(!I"tel· Fd( lulh"l. 

--
I Won. I M_h,I>( ..... }llu .. I TU;tllnpul.; 
12..' ns bf, 8 MI" 

I, I, I,,!s Iv (N IZJ9iI 

MO\' Rd,Rr 

Bc: fffihabl.uf. 

111 .. 

'_',".'.'.'."".'",7''', lNt 5 'p 
lZS .. WRllb: 

MOV·'· , 



2 Die AVR·Mlkroconlroller·Famllle 

S~:(; Md ~I-G Rd 

hln~uon 

ß_hrr,bun,: 

D~tmßuß 

B.khh .. hl""f 

Hip: 

118 

Nc,ierc RcJiI~ Rd. 

Rd.- SOO · Rd 

b "'N (b!.Z .. c.m.ompIcmmIlh Inhal!i 
de> II.~I"",, Rd JChoIdo:t. l\t drr ""f'Un1!' 
bd .. Iot..!l ",n Rd Jln<h SS/"I,'" .. ,ni drr 
InIWt!Wh!. .um.kn lXr ß"ftbl UI rUr aUe 

R"P.atr 11.0 bI, RJ I ,m Rq.<.UT·hk l"U1.1!;-

•• 

H . ... 

I Wort. I M, .. td" ... nt)llu\. I TlIl.limpuls: 
12Sn.bc,H\IHI 

r\OP 

~~nl h<'" 

Ik\<: I\R",t>urII 

(Rlcnß..,ß 



2 Oie AVR·Mlkroconlroller·Famllie 

Oddtl...t>lauf 

'20 

I W",,- I M_hultlU)ldu •• L T:aJu,mpuk 
12.S ... ~,8MBt 

I 'M:Irr. n t " , 
115 ........ 

DOll I!I 



2 Oie AVR-Mlkroconlrollor-FamiUe 

Ot-r Rd,l'on Ol'I Rd.l' .. " 

"" 

122 

1\>r1, Flr 

Ud, ,n da. Pun,Flc.I"cr Im II()­
A.m6r.lum denlnh~h de. Re~*'ttn R. 
lÄ'r InlW' .... Rl'Jh,~ Rr t>k,bt un'~r· 
lndtn_ I)cr 6dC"h1 '" rur.JJic Rt'tI"tcr RO 
t>u RH ,m R~/I"'(r·hlc Lullll.",_ 1>.-, 
wen ",., UnI! ,m (kno"ch wn 0 bj. 6_1 
(&/m\&l) I:o.tw !oOO t>!. SJF (Ilex) IlCJcll_ 

S3F 

I W'lI\. 1 M;uchmtJ\l)"klu~ I Takt,mpul. 
IH n.. t>e, 8 Mlb 

flOP II.d 

tunlu"n-

7kf~hlut>l~uf 

--....... ........ 
o.UbC -I" • r "h., .. .. 
St·b?;,,, 71 ....... · 
".7' ,.,'.:. '_doS h.. ...... S '. 
ft 1

5

' 'L ... ,,· ... '" .... '7i' I" ____ IW.'I? Ne 
"MH' 87 ntz 'IIiCDi200l- j' '1 ..... , 

I Wort, 1 Y 'j .Jlb. 2 1Io"'jm, 
p''w:UO.NI I loOk 

PO ... 



2 DIe AVR,Mlkroconlrol1or,Famll1e 

"t ~1I1t0:\ ,'eSH Rd 

124 

STACK, R,J 

On -'\.Kl- I'\)onln ... Ird \kb"mtnll('f1 utId 
0:\(. Inh.11 du R('15I(I' R,J In ,J,~ 
SptJC"""',dk ~I.n. Auf.m dn S, ... k· 
I'\)onln In,' l>C'1' Ikfo:-h] ," ruf alle Ikl"· 
"n ROI:>I. RJl,m RCII"n-hk zu la .. ;,:. 
(N,<l1I ,m AT'QOS I 200 ,mpl(/lIotnu(rt_) 

( Won. 2 Ma",h'ncnzyklen. 2 Talum· 
pu(~ ~ ns Ix, 8 MHI 

R("Al _LI'Ihcl 

hml llO!i 

DalenOu6' 

.. 

51!,'I' __ 

, , 

I Woll, 3 "wt' ,,.' 1,3 'Ne' 
",d I )7S .......... 

F ... III 

at'AU "" 11 



2 Die AVR·Mlkroconlroller·Famllle 

RH 

,,. 

PC. srAC" 

0.... IrWJl <.Irr Spt"Kner.I<.·lk. auf die der 
Slld,· Po,nle. lC'I'. " .. d ,n den 
I"rolramnu.mk, PC ~Jar,kn. An'Chlle' 
klld "'nd de. SIK~·Po'nle. um 1" ( 1 
,nkremcnucu D,e Bdebl_au,fIIhrunl 
, .. nJ an 00 Ad~", fongd'Ohn. auf die: 
der Pn)J<lllmnu.mkr ICIJI 

\V,,". 4 Ma.'Chinenl.)'klen. ~ liklim. 
p<l1'C, .sm n.!lel 8 M Hl 

'.t 

Rur 

STACJ(; 

Rp' ...... .. !I'SJflI!. RJrTI 

'" ...... 
1 EI,'" die der 

Pr -.... 

... 



2 Oie AVR·Mlkrocontroller·Fnmllle 

RJMPolhct 

• • 

128 

Sprun, ~l~uv lur ~~cn,,""~cn Adrel­

• 
pe +- pe", I ", oIT>CI 

hin Sprunj! mu t,Mm Ofl-ct ~I.u,' ,ur 
,r,rn"'''''',,.,n AdrH,,,,, ""n! ... '~fllhM, 
Zum Inhall de;I Plop:unrnUhlCT\ ",n! der 
W.-n ",fl>CI ", I add'eM VOO dtr ~.sen":1f' 
u~n Adfn,,,,, ,m ~r:amm~l ... hnn 
um e'Mn 00'-'1 ':'(In - J K, Wone bl\ ",211:, 
Won~ tnlfff1ll Im Provarnmspcl<t... ,e· 
,pru~n "erden 

12 
"'~ 

PC-PC oDliMlo \ 

1 Wort. J \1.",hJllcnzyl;,[en. 3 Ta},hm, 

pul .. )7S'"1>t-18 "'II~ 

ROI Md 

Ikrchl~bbuf: 

ReI ?''''WI ..... ", 

.01 
F 0. ßo, 

'* RJI Im 

ROt. lId 



2 Oie AVA·Mikrocontroiier·Famitio 

RORRa ROR Rd 

Funlt""'; 

'''' 

c .... Rd<O>; Rd<60> \' Rdd; I>; 
Rd<7> .... <: 

D« Inhlh 00 RC'lI"ttr< Rd "nrd U-'TI t,,~ 

Sttllt ruch<teht. rotlCR. o.c ROIauonoo 
Rtll"'Cr< Rd trf<>lgt Ul!tr d.u C&lT)" ,"1~1I 
I)abt. ",n! 8111 d6 Re'J\ler< Rd nutdtm 
('an")' -Fl~ J"ladtn und dtr Jnlu.h dt. BIt 
o In t.I&J Can")'·F11J ,ncloobtn D« lk, 
rthl .. L rur alle Rq:I,t(1" RO hos R31 Im 
Rq:"ln·hlC' lull.'"g. 

ALU -
'" 

I Won., I \!uch,nenzyllus. I T;ü:timpuls; 
l25n,br,JlMl lz 

\1}( Ra_Rr 

~unl.t'<'II: 

l>alenl1u6; 

Ocfeh!i;lt>laul. 

2.1 Der a'''''II. 'IX der AYR-Mlkrocontroll ... F.mlile 

Rd ... Rd-Rr - (' 

~ ht Eh_ Rt,iscen Kr lind 4. C:.ry. 
.".. ... ' WOft! IIIIIak des R .. ~m Rd 

'ckt l 0. Etcct>nil <kr SubuUuon 
"linie; 1 Rd.D«ltWltdelR'Ji . 
IIknRrbl-h" .... t.h··tI D<-rlkfdll." 
ftIr eJlr Repu. RO ho, R.II Im Rqister, 
F,Ir m' ...... 

I Wort, I MD;hiDCfU"yklus. I Tu.ttml'uk 
12S mbei 8 MHz 

, T 



2 010 AVR·MlkrocOnlrollor·Famlllo 

""(1 Rd,K SIK I RdJ, 

Ikfehl..:oblauf 

132 

_'ubu.tllc~ unmln~lwen Wert K und 

('NT}' ~1 .. """ Rt~-"'tr Rd 

Rd. Rd K·C" 

I)("f "nrrunc1~ Wert K UI'Id (b., Carry· 
Ha, .. m,kn.-om lnh.ll\ ~ Rcp.l<"n Rd 
.uhUWlK'rl Da. E~bm. ckr Subtrakuon 
\Ich. ,m Mq:ulcr Rd. Der Ikf"hl " , rur 
1011<" RqU'IC"l" Rlb bt. Rll In dc-r obe"n"n 
11 ,11/"1. ~ Rq:I~I.,·hle< lul~UIJ IX, uno 
mllld~ Wert '" I..Inn Im ~«:h,<)I1 0 
!>O, V~ Ick,u.uJ) hego:n 

I Won. I \1 .>.-chll"lellLykh.l" I T:tkllmpul., 
1:!5 '" beI g Mil l 

F"n~\I"n 

_., 

2.1 Det aahhh 1112 der AVR-Mlkroconlroflet Familie 

Pon<hr> ... I 

XVi .......... . : .De 811 in ".m f'otI 
R!I'I' Der Wen bn t&n "" Batieh .... '" 
Ob .. 7 h.,en Dt-f ""er! Pnn kmn I'" He­
mdI_ 0 bb 31 ~1OJ bis "h llc" ... 

I Woo. 2 MaKhil"len'ylkn. 2 Takhm· 
pul ... 250 1111 ~ 8 MHz 



2 OIe AVA·MikroconlroUor·Famltie 

SBIC Port.bl! Sl\I(" 1\>rI.hi. Spnll# falb 811 ,m Pon-Rt~,.ccr ",lo,.;tu SUI\ P",' .hil 

funli" .... : 1'(. 1- 1'('. 2. f3l1l ~d,.o-. 0 I-unll>Oll 

""-:l\tc"ll>un, (kr .u.:1I"t 6c:fehllm f'ror;ramm'f'tKM' fk.M;hult-.ln,. 
",n,! ubrropruptnl, fllll< d.J... 8" _bor· Im 
f\>r.-Re,,,'tr ,d&ch. ,I, Andernflll. 
","J d,e rm,r.mmau<fullrun, nonn~1 
ron~ul (kr V'm I)n k..nn 1m IkIT"h 
,on 0 bo. 7 h..,.,n 0.-. Wen Pon l&nn Im 
Ik",O<h ,('11 0 bol 31 ISOO "', S 11') he~n 

(unleR: H~lfIt der 1IO.ReB"'cr)_ 

[)~I~nnu6' [)a,ennu6: 

I X ... 

Ikr.hlw.l.u( ßddtl ... blau( 

On _ .... ,1< '" 8d<hllla ~ .... 
.. ..n. _ ... f ... ·""",Ilc:IMI .. ' .. ob ...... 
... ~ ...... lIckILI .. Ihn ___ -.:I .. 

_ ... """"""_Ci '-.. !In .. 

,3< 

Sp" S falbB.umPort.ReJiUl:r' '''' 11 

Pe .... Pe • 2. 'alil f'ut<bio- .. I 

Drr-I , Pet: bI P ~:( 1D14uplllNftl.pr"hz. 
Wildatzz , • ~ 'all. dM B" ,.bor "" 
Purt-R ••• :r fI'ICV:IllI, Ar.dei .. fI,IIt ,"ud 
die Pr. - -"'IIIwns nonnaI ~ 
-.. DerWenbil t.. Im 1km.""II 'Oll 0 

bu1 •• ·, Der Wen Pm UM 1111 Se-
rncb_O"'31ISOObDSIH1~u,ID. 
lrI'f Hllflcldcrl/().llqJsm). 

= 

I Won,I ~12 ta SpnuIJ}_ 
I f!lkti..,. ... a bei. S9ruD1J: 
125. (l5O. bei Spi"bnJ) bt., a IotHl 

1,ITI·lsl\'INlzlcl 
Oor "',."." ... , + C·_· ... ......... -..,.,._.-..- ..... ',u_, r, __ 
.. 1 s? " r-- ,w = I 

Familie 

\I!IL'~ I'ort.bl' 
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SlIIW Rdl.K SBIW Roll,K 

l'unlllOn: 

D~lcnnu6 

I'lcrdllubbuf 

136 

SUt..tM"C'~ unmllld~n W~r1 K "om 
R~p.'("ffWI RoJh Roll 

Rdh Roll. Roll'! Rdl K 

Orr unm,uclbIiT Wen Ii. ( Ii. ,m BrR:1C1'! 
"-'" Obi, 6J) ",ud 'orn 1nh>J, \kf; RepSlCf' 
~ RtioRlil.ubuaIucrt. D~, "bi. Rill 
da.. unlen' da" t..,o,kn RC,I<ICf 1lII. Glllul\C 
W~nc IOr Roll SInd ~4. 26. 28 und JO. ~, 
.... cn ru, Rdh "I d.lnn auIOfna!'!oCI'!2.5. ~7. 
29<.ldcr J I . o,«et tkfdll t..toclt, 'ICh a1l1O 
nu,:wf d,~ <.>tot-ITn ''" Rc,,~'~ und 
". """.1 rU,7..o:,~f~hk bc-$Ie," ,"'" 
I'>C'. (N,cl'l1 ,m AT90S 1200 implcnxnllt'rt,) 

m. 

I Won. 2 " 4<'h,n.:M)lkn. 2 ru"m. 
pul~. 2SO nt t... 8 '1I1t 

D~ltnflIlB, 

~ 8,. l1li R~ ..... Cf R4-

Rd ... Rd 011:, -ma.i. 

Sftz.t irin 811 1111 Re,wer Rd. 0.. zu _. 
U'JIdto 8. Wll'dllll' .... Wm rrwk IIW. 

ücn Soll L 8. da. Dn } ,~JnftrI vrn. 
dm.., .... mal drn ..... ." OOI.lJltolb 
thh..,) tri ... SOS thai anDcho.'1)(n. 0.., 
~fdll iN f1wdw Rrptn R I/) bis 11.31 In 
der obc;.ti1 HIIfk <b RC'P'In,hk. Zu' 

..... .. DerW..-t mel UM;/II B=ioJI von 
o b\, 2~S (dl'LiIllllI Iqn> 

._ .. _~---
I Wut. I MasdliDalLykllUo. IN.;...,. ... · 
IU.beiIMHz 

I. 1 T H 

Familie 

~BRkd ...... " 
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~IjKC Kr,bll SIHt( Kt.I:>l1 

l 'un~llOII: 

ACU 
bot '01 

1'(", 1'(' + 2. f..:7l. Rr<t>It>. 0 

[kt IUCh.,le Fkldlilm I"IUInmm,~"'htf 
"",! ubcf'rru~n. bll, da. an ,.h,I-- Im 
R"IiIlC'f Rt p:kXo:hl "I Andtmfo.ll. "".,! 
~ l'Io(I:nmmaw.fIlhrunl'l ~1 lC<1p 
<elll ~r Wer! bll Unn ,m fkn'",h "(111) 

bll 7 hc~n Ikr Fkfchl 1,1 fIIr Dn~ Reg,· 
\1« RO bl> Rli Im R"1!,I'lcr·FIic ~Ul.1."". 

• 

RO 

.!i::: ". 

• 

"" Ipc - pc.2I,S) 

lkfrhl-ablauf 

138 

7 I' -
I W~,l \ l ... "'hlllflll:~ldu, (2 beI Sprun~J. 
I Takhmpuls (2 beI Sprung), 
125 IU ellO ~ beI Sprung) bei 8 MH( 

1·ITIHlsl+IZ lcl 
o.._.~,tt''* 8< ....... oJn-~ ..... 
............ • :'·""'on·lld<ItJ .. ,,,- ob ....... 
oJn- 'ipwIc .... 8<fehl .. Iba- _r,ndo«..J ... 
__ •• ", .. , .. -... fdIIer i ottnn. 

Oal~rIO\lO: 

Spd " ..... im RrJlSln Rr IC k W. 

Pe ..... Pe + 1. faUl Rr<bil> • I 

Den'l rr.lfdtlIlDPI ..... ........., · .,.., 'IfinI'" i • ia. fallt. da Bu ~bo"- Im 
R",'FU Rr JC W tU , Andmafal l, .. . nI 

- DUiILIIII funp. 
KUL Ikr Wnt bit u. Im Brmch "'" 0 
bil7 'q Der Bdml w flJf alle RrJl ' 
_IO ... RlIIm~.hk.ullslll, 

IWort.iMp Ip i)lha(2beiSpuaa). 

FamJlle 
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s t:C 

0 .. C&rr)'·I-l~1 Im STATUS-Rc8')I~' 

SREG ",Jd~t 

SAEGC:;:JS -, 

140 

; .. 
1 Won, 1 M;»chn'lC.'lUyllus. 1 Thkumpu1s: 

12$ ßI!x' 8 MII7. 

SHI 

2.1 Der I". hrrb: .. AYR IIlkrooonlrollef Familie 

H ~ 1 

I Wort. I M ~_,Uu. .. 1 Tu.tampuls: 
1~ .. bd8M1b 

1 .,.., 'v""I-N-r-

• 

,., 
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S H SI I 

1 · ~n l!K)<I; 

~hmbt> ... : 

o..!<nO~Il: 

'" 

St~ ,~ J n!~"" JlI · I·l~ 

, ~ , 
1)~'1 Gk>N.I· J nn~rupt ·I-l~8 ,m STATUS· 
Rtt:I.I<:r SRI'G '" ,,11 geK"1lI 

TZ 

""u ,. , 

1 Woo. I M...rn,"c:nlyld~s. I mlimpul\ 
1 2~n.,bcc,8 Mtll 

1, ITI,,! s!v!"!. !cl 

_____ 2:'.~.~D~.!f~8~.~'"'~.~Is?&tt der AVA Mlloocontroiler hmll" 

')1:1'1 

l~nL!I"" 

ßt,..;I\R-,bun,· 

1)~I("nn~ß: 

~ ~lta-lve-I'bf: 

N ~ , 

0. f' 2 "s ~ lIIl STAnlS.RtCiJltI 
SRl!O_ ....... 

I Won.I ~ykh .... l Tutll"""I, 
IZS 111 bei 8 Mih 

, 

St:~ 
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" I 11. II.d 

Bdchhabbuf 

.. ,~. 

144 

>LU 
Rd . SFF 

II.d, sn 

!;du .U., 6,t. dn Relti.tr, Rd Ort Ik­
kill .. , 1\11' d", Re,"tC'l' R It> b .. 10 I In der 
OOet"(n lI.1lf,r ~ RrtI"'C'I'-hk. lulW'f· 

'" , .. , -
1 W<><1, I M ... ",h,nrn/yklu,. I T.ullmruls: 
125 n, bei l! I-Hll 

SI ':i 

ßer(hI1oab1~ ur . 

SI·I'R 2 s 

'~1 

I \\\Irr, I M' , 'hn _)U!rt. I T"'lI1Dp"r" 
1~ .. ""NHz 

1 T H V N Z (: 

..... 
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'irr 

,,, 

,. , 
Da, lr.n.f(r-Bu Im STATUS·R(Ji"N 
SREO ... ml J(;c"\lt 

.' 
t WQr\. 1 \1a....::hlllC:n.L)klu>. 1 T :tl;llmpu~: 
llS n.o brl8 MII, 

..... _---AVJI Im 

- b(OIlUbOl.., Familie 

ShV 
S~\' 

V ~ I 

Bdfhl<abbuf I Wort, 1 M .,,,, I :.1 Uktimpulo: 
12J .bIll MJII 
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SEi'. SLl 

l+-I 

1).) l"ro·FI,. Im STATUS- Kellt t"r 
SREG""d~/t 

SREG 

148 

.cu z , 

1 W(!01. 1 MlI--.:h'lI(nqklus. I Thkt,mpu l~: 
125 ns Ix, 8 MII,_ 

SI U'I' 

Ikfehlwt>lauf 

S Me I EPIoSlpppt" .... 

Seal: _"'YJ4'\ 1 , - - 111 da SI..Ef:p. 
M - . _ ..... MCU.Q 7 oI.R'IiMn' 
MCUCR 1 S I i'" 'A' 7 _IMUilWpl 
.. C 17J _ .. $I EU.Mnd-,. 
"'*- .... 0 '1Ir ..... SlFFPrJk. 
kill' '& ' 1 pI, ,,7 1M1,bc;.udcr 
7 7 H. 71&7 • ?aWird. 

I WIlR.I ur·t 

h 5 -7)" " 11W>tllnplIls: 
125 .. bei • .ab 

Famll&t 



2 Oie AVR·Mikroconlrolicr·Famiiie 

ST ' ,Rr sr , Rr 

SRAM 

, 

ISO 

!;pc:'dlCr~ RtJU'ler Rr 1O,h1'<'1..1 llboer X· 
""'nlC' 

(Xl. Rr 

SI\CKI'oM <kn lnhall dcl- R(,"I~'" Rr on 
~n B),c!in SR"'1. ... (k;hc~ dUKh tkn 
WnI <kt ',Pc.n,cA IRn:R26)~",<'ft 
... 1111 On- Bdd,t "I fIIr .. H~ Re'''' .... RO 
t>u Rll ,m R~~,I(r F,k~ lul.)."". 0.. , 
1 ... p1" .uf d.o,. SRAM ," ;aUf d,e Wie k. 
Ix'nc.' 64Kß) '''''~ toc,,,,hrlInll. (N)ehl ,m 
AT'90S1200 Imp!cm(n1len.) 

"'" 
"'" "" 
"" -

t WI)rt. Z \1 llj.Clllnrnz)·I.Jen. 2 T~lum. 
pul .... 2jo() '" br, 8 Mlb 

" X+.Rr 

1)~'ennull 

.E 

.. I' z' Ir Rr." ''IlbcrX._ 2 , 

Sr lEt: 1_' 'IM .. R 1'1" ii Rr In 
,. .,.. .. SIAM. welrt , durth doll! 
Wert_X, " i(R1Jo1l26)~Hm 
.... Am$!!,' t -W def X.Po.f\.lft 
In, I .. Der P EleN isc ftFraUt. R.:, 
.1 zarlO .. a,lI .. • i ";.Flluul. 
.... Oerz'.II'.., .. SRAM u.I .. f~ 
Hat"l se 64KSyw-Pqe brs<:hrlnkl . 
(NtdIs _A19OS1200 (q bhm1lnl.) 
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ST - '\,llr SI X.Kr 

DlIlcnnuß 

-

S"""b:tt Rrp.tc'r Rr ,rollrekl überden um 
flm dc:lre ...... nlM:rtl:n X -P<>InlC1" 

X.X 1, .... "'hlol'lknd(X}<---- Rr 

SPf~hffl dtfI Inhall 00 Rfl.~tf" Rr IR 
rIß 8)lf 00 SRAM ",("kiln dun:h den 
Wen dco X·Pointe!> (R27R~6)adm-"m 
,,,nJ An..;hhdknd ""nJ der X·Puinl~, 
",lnmrnhen On Befehl 1<1 rur aUe R,,· 
1I"1ff RO 1>1. R31 1m Re~,,'('f·F,lf I\,I~ 
,,~. Orr l.ugntT ~ur ~ SRAM '" ;tuf d,... 
,dÜUfr,( 64K8)'lf·l'a~f tK, • ..-hrankl. 
(NICht Im A~I~ Imp1emrnu..-n) 

I won. 2 M~h"l(nL~kJ"n. 2 Tllum. 
puh", 250 '" beI 8 MllL 

Famm. 

Sl' "_Rr Sp ·'el.· .... ·.'.· 'lI' I r" Ir In 'heb DbCI" y . loT "Jl.r 

IV) .. 

Da'..-nOu6-

.. 
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~r y •. Rr 

--

'54 

SI"""hm: R~ Rr ,ndlrdlllt>ct Y-I\"". 
1« und "W'iI.mi". I\>inla' ..... hIx1'. 

(n .. R".n",hlt<"lkndY .. Y-tl 

SI'fKhnt dfn lnlWl <iM Rtll."tl'l Rr In 

(In ß~ dc'I SRA"1. "t!.:hn d<mOh drn 
..... (f11h Y·I\ .. o"" (R:N R~!ll ~ 
... ".1. Ao",hhdknd ",inJ dt'r Y,Polnler 
lnlRmC'nll(f1. De-r Stfthl", fUr allt Rt­
."ICf RO bi\ Rll ,m RfJ'lla-fdt lI,d:l~­
"It Dct agoß 3uf das SRAM ,,13Uf d,( 
,dÜI'tll( MKB}lt-P.,t bc:.(hrlnk'. 
(N,cht ,m AT'lOSlWO ,mpltmcnUtn.) 

, 

1 W."" 2 \h",h,,,,,nl)~lt,,. 2 T3~um. 
pul.." ljO n. bt:1 8 \1 Hz 

ST - V,Kr 

--
Ikf""1t .. bl~ul , 



2 Die AVR-Mlkroconlrollor-FamiUe 

:-il/..,Kr SI'/.R. 

O~lcnßu8 

SRAM 

\pt"I,,~re 'k~,,!er R. rnd,,~kt 1Ibc.. I­
"',nlc. 

(7), R. 

Spt"",hnt den Inluh ~ Re'''lcn Rt m 
(In Blle 00 SRAM ... elo:~ dU"'1\ den 
W("f1 dn 1·I\lInlC'n (Rli RJO) adn-u,en 
, .. rd Der Ikfehl ," hlr .Ue RC,"'ff RO 
bIS R~ I ,m RC'l>tc.I"kt ~ul1.~"J. Drr 
1..u,nll wf o.b.~ SRAM "I ~uf dIe ~lü· 
11M<' 6-1"6) te-P~( t. .. esdu'J.J1Lr. 

I Won. 2 Ma.~h,~nzyk)(n. 2: TaLI,m. 
""bot-: 250 n<I be, 8 MHz 

sr b,llI 

fko.< lIrrlbun, 

Oatenllull 

SRAM 

Familie 

"Mg .,- L .!se · .... z .• '* .. .. • .... sr 1 •• Rr 
• 'H . 7 dl, " - .... 

Cl) 11': ' 1" JhZ+1 

.. :!-'.", ... ," .Rr", 
• __ .... a .... 'eb dwt.b oien 
.... zr·!· (lS1 RlOl_E ' iEn 
........ rzt"g. 1 wInI_ Z-PoIllln 

IW.·ft' iA I!'ulle ~ 
s" .... .,1111 'I,' hr.I\IU\l1Il-
... .,. z ....... SRAM UhU' cbo: 
M"'" ... "'ac ..... bnr:llrillkl, 
(M' "A'Wlnoo', p' _n.1 



2 Die AIJR-Mlkrocontrollor·FamiUe 

\" /qMr ~r IM. 

r-un~ll<'lCI. 

Ik .. It ..... Nn. 

O.lcnnUß 

s_ 
......... ' _I.' 

'. '. 
Povo 0 AA.IoIPz. g 

SprlCi'ocTt' Re,'>I('I' 11.. 'nJl .... ~1 um <im um 
(In\ dd.rc1lK""Clltn /.. Po.nter 

lEI l. an""lthclknd (,-).- Rr 

S~.d .. m den Iwlt ck'l R(J"ter> R, ,n 
f.n B)le ck'l SR"M, .. ek~ dUICIt dC"n 
WCIl de. /.- Poinlrn (R_ll R 10) oodrcui<"l1 
.. mi An'C:lthe&nd ... nI der /.-(>o;nl("' 
.nl .... mo:nllC'ft Dtr Beleltl "1 fUT ~lIe Re-
,""er RO IM. 11:, I Im Rtt:",er-F,le LUt,u-
"J !:lH /..uPlIl auf das SRA\1 I\t auf dte 
,düuene ().IKBy.e-Pa.ge be1 .. hr~nkl, 
INI<'1t1 ,m A'NOS 1:ZOO Impkmt'nllelt.) 

-
L ___ J.!~' 

--
1 W<m, ~ ~b.1-I:1t'~nl)klen. ~ Taklim_ 
pul'<: 2SO r..~, 8 MH. 

\ I l) y. "lhet.R, Ir.,.,.. lIber Y_ loo-n) \' • 

ofT_I.Rr 

I '~"~I""" (Y 

Ik .... ·"""t>ullx I"'"" 7 • Ilt "' • '1:: _ .. 
Y-Poin ... n 

OJlennUß, 

• 

Ikfehlubbul; 
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160 

--
I W,,.-r. 2 'l;ucb'Mnlykl~n. 2 TJlum. 
pultt 250 ... , t>c. 11 \1111 

• 

Ikfehl",blauf: 



2 Die AVR-Mlkrocontro ller-Famllle 

Sllllld,Rr SlIlI lld. Rr 

Rd. Rd Rr 

Ikf I~h \k. R~~,,;n"'o Rr w,rd \Om I ... 
IW,.K. RfJNo:n Ild <ul>lI"lturf1 I);l.. EI. 
JclIn".Kr SuW.u.hon "du ,m Ilr,,,,cr 
Rd Ikf 1nh:.I, ck, Re,,,,= Rrbl(o,t>I; uno 
• CTJ.I>dc-n ~r IIdehl 1" fUr ;llle Re''''(f 
11.0 bo. 11.3 I ,m Rq1.,'rr· FIle zul.l..'''tl. 

I Won. I "_hl/\enz)~lu\. I T.lkumpul\. 
12S 1"1< I\e. ~ MHl 

2.1 Der aarwr,,· Iz., AVR-Mlilfocontrolle, Familie --
S"Io ..... 1rft unmUl(lbun W,,, ... _ ' llU II.d .... 
R~J,"" R:.I 

Rd. Rd K 

Dw lIMI'lIdban- "'mt K "*lId _ !nhaI. 
dn R .. ,1ten Md , .. I:co:ab>(f\ o...l:q:ct> 
nn ... SutvU_ lIdtI Im Rt' ! ? , R .... 
On Ikfdlilltd\e R~ RIIH,~ Rlt ,n 
00 obc'cu Half", ein RC~I!I". HIn , ... 
1J.u" 0., unrruurlbarc WNt K k_, ." 
Ikl"Clch • "" 11 bis 15S (dttun,ullic"pn. 

ProgrammllpllCh« 

Ikfchl\..Jt>l;wf. 

• K 

-
1 Won. I M.aKIuDm.!)llllO-. I T:Il.lOmpW!.: 
12S I\!. hn!l. MHz 

I 

... 
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\\\,\ .. Kd \W" .. Rd 

I'un~t,,," 

B~"""t>un • . 

1)~I(nnuil 

Sw. A~ 

_'"~ 

'64 

V..rta '01;"'" N,bhk\ oJn ReJ.I'ltt'I Rd_ 

Rd.::'oI> •. Rd<lO>; 
II.dd 0> , . II.d<7-",> 

Dn tk"her ... (rIlIC und n,o:-dt-.-...cm,( 
~,bhk Ilblt>-O)tcl cb Rf,'<lcn Rd "'f"f-

den 'N1~\I"ht On Ikfchl' ... fOt IIlk Re 
,;,[(. 1I.0b!, 11.31 im RCll,.lfr-hk tulSs--

". 

. 

'" 
I W(lf1. 1 M~",h,....,n.zyklus, I Tut'mpul< 
125 n, bei 8 Mil z 

rsr Rd 

h .. ,lt,.;jl 

~"mbunJ 

!Alfnnull 

2.1 Der a.fsM ••• b: der AYR-llIluOilCOObo"", ,8m6lt. 

t .. Real I" Rd ob null 00n nqlliw 

Rd .... 1ld --'ND Rd 

Dor .... da R~UItt'I Rd '-IIQ donur 
Obc'jAIlfL oh lIi I " .. 11 o..k1" .I"IV , .. 
Duu wild da Inhalt dn Rr~,""," Rd mll 
uch .clblllJND-'"fflno.ft. U ... ßrfrltl ,u 
ftIr alle!tqiua- R<l!tU 11.31 Im Rc,",". 
Fik rullutJ 

---=-", 
I Wort. I ~)'Id .... 11"1l.11iIIpoIlt. 
l2Sotbd8MHz 

T~'- Rd 



2 Die AVR-Mlkroconlrollor-FamUlo 

\ \ I)k WOk 

I' u n l Uoft 

[)"rAnUS-

' 66 

WI)1. 0 

I W"". I M-"Ch,ntlll.)llu' I Tuumpul.· 
1~51"I>t,g"'lH l 

____ . _________ -'3~SO~~"~w~ ....... ':ntwlcklung.tool. 

3 Software­
Entwicklungstools 

3.1 AVR-Assembler 

Ikr AV k -A",-mhkr ul>t',,"lIt \t n<-ITlOIIIC' In I().S,I IIr.-Bd~hle 
hlr d,e AVR·\1,~ro<;onlr.,II("'-am.I.< Soll.enl>t.m .o.''''''''hl'' .... 'n 
lo,,,,, ""hkr .lUf"tl~" "c!<kn 101<1 .. "", t>~tt,cn cm:ult . .lIld<mfall. 
""" " ,ne L,'tc .. Io:r Fehler un \t~e'Nrulel ~u,~.<l>tn unJ d,~ 
A,<cml>l..,nm~ ~h,.,brocho=n 

Nct~n tkn H<\· Btfchlen l .... n d<". N .... m/"Ilc ..... ch ",n l"un~- h:.­
unJ e,n Oh,..lt·hk tr/a.~n. fe....., ~ann d.:r AVR-A .... "'hkt IU' 

.... 'tJodl noxh..-." I+PRO\t+.!c rRl:Vp"'. d»d,~'" ,n d» EI-PROM 
der AVR _\1 ,lm.:onuul~r pro,ranvn.:n .. -c-lIkn ~_ 0..., Hn 1-010: 
d'ent ,u r ,~ ... n Prot!r;\fJlRll<"'"tl «- ~hl'""onuuIkrpruff omll" 
'pt"K I'k-" II-b,h). I> ... Ob,c.t-hlc .. ,Id 1I" \Ot"I1Cn:1I \'efwb:i'UD, 
mll dcm r..., ... nvn.o.Vk·Slud .... t1ochtAbodwu.l ))bcP<IbJ' 0.... 
l,.t ,nll-hl( ,,' "n f'nnz,pda~Kht Prop;unn>-FlIc, mdem 
I'~ , k nnu,,,_r .• u.sIfC"",.,k1e A~.lloMnI UPd Souico.,·'" Ar­

hm 

f)" r A\'k-A\5<!lOoIilcr..w • .- '1a .... 7 7. s"'·fat Die W .. 
OO .. ~\'Cf"ilon.o.be ...... M! ·MiA\W ... l.II,W' "."'S'" 





3 Software·Entwlcklungstools 

I>.t.~ ... . 

r,Ql' 

!-\I:G 

!-'11 

1"':-L1 'pt 

I I\T 

L.lH\I.\C 

" .. rHO 
~."')'V.OIO 

'OI-lH 

OJI(i 

SI_T 

170 

h ltu " "' ... 1'\' .... , , 
,~, \ .. • ., .,._'r-"'-_\\<t , [ .... \,...,.,. I WI 

...... --- ... "<'0 Im. 

,""',m'" II<-f ...... I I f'lC()' •. ""_ 
,. 

I c. ...... ,_ D.-· JA ... _. "" 1.1 1110'. 

, "',,'"''' ." ... H),. 00,,'" ....... 

~_,tG 

1. ... _ .... wiiiil." .,." .... ..-..NI , • "- t\n 
I 
l~_b ... r."" 7 '''D/tI .... _oln '''CI.l'DL .~I' .... 
I .... ~''''' .... I", , .. U_. '?lt:·I",.-,,,,,, dotf ... 

1.11·_,1 ......... _ ......... n "'_. ~ • "'"' [)oon, .• 0100" ..... 
,1'o.I:L1'[It ''',,''''' ~ .. _ .... _.,Ir<,..,c_~ :[) •. • ._h<ki" 1'1 ... 

i~' J. ,Iiifto' _"(1-[ nt ·00".",(0' r<""''' ""..,." -
'\'" '+doa ... ,_ ..... I,,,,. h • -- un , 
: \,nooI'" .......... , '" 10<1 ... ""mno ..... " '" •. <1.0. lIH""'C 
'I, "' ... "" 101",,_ '«lI< .. _lot •• ""," 

De"""",,.,. <In ~I,"". 'on, uod -,cNo '1.nu...ul><l "ArRO ,\'._. .,0 to, ~ okm \I."'~"!vi P..--", ul><fJ<""'" 1.'D\lA(·RO 

I '«MI. okn .... "'''oN". kin l " ,..,-F.1c: IU «' ~ "Ol,q 

I .... " Jen "'"1.". " .'''' (".!<'. n ..... oJo,. H J'RO\l 
! ",_ ... t <I ..... 1>N<fI v. ... 

ORG 11,,, 

We"t .'_ SI" __ v. ... '" U .. \.,"",~ l_ 1,, __ -.. ... ""n 
W,.,.-.I. ''" 

3.1.2 Kommentare 

Im S,,,,,,,«nJe ~o)o ,,~n .on t>r1..,to"cl S,dk- KOI ~n~ 'lcl>o:n 
"""\" .. ·n'...., .... ~"kn ,<,m A"otmblt, 'i!i'IOOcO .. nd d..,ncrn n .. r I " 
O"~l>mrnl.!lo.h/"'" ~cn !:on s.,ml~oI«o muß dem " om""",,!anc,! 

3.' ... VR· ...... mb .... 

,,"""~lcl!t "",don Z. t 2W 2 !li_kaliko S<!un;«odu kOr!­
O('ß ." h l.«rl.n,", eh, -. _adca. 1 Ilomlm t:onlld~o nicht; 
dun.h con S<-l1\1~<>&oa ta.!kb aem-ciIL. .. aden Dall? nnoJc Iko 
~I"tle 

D.- .... t I ZUlI ........ du ..... " 
• bax I~~I.-.n 

I :. 126,0.10".~ Ilevln ••• u ~l. ;1 b.." 

3.1.3 Ausdrück. 

Wene. die S ~ mbolcn lu,",,~n ... ftdtn KIlim. k6nlloHl..rn rna· 
!&"w., ... hc A .. -d<\lüc oe,n, Dieoc ALUodrIku .... erden dann 1>0:1 der 
A,~ml:oloml~~ J .. ,l1 .... cnort_ Der AVR·Auc:rnbkf (1"~bI rol~ 
"u\drUde: 

In 
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• 
• 

•• 

• ,. 'l' '''' 1, .'" " 
.• "' t • ..u.· . (),Iu.\'Hb.:-h"-1 

t· '" ()oW, •• , ..".. ... 

UoJ ""~:> '0 ........ 

,., r.hJIR·\~'.- pi , 

I·~--------~----

Alk' Au..Jnk:l c ~onN:'n .... d'l ,n...-rtWb '00 K,I.mIl1CfII <cchen_ A ... s­
d.U,; l e ,nnntI.olb Wln K'ammml .. (fdm ~ au'ce"·C'I1CI. be\"Ofdleot 
,,~,'~r .~rlnupfl .. erdcn 

3.1.4 Symbole und Marken 

Ikr AV R.A,...:mb1er h,eltl d,e MßJ!.hchl;e tl bei Ikr f'rogr,lmm,e· 
",n, 'lall mll ~Mt" ... cen Ad"' .. e n. mn Symbolen uod ~1:Irken tu 
:ubelu:n. D.n C'Ck,dllm d,e ~ml('C\Lng erheblich. da roon WII', 
an Jt<.Ic ßdehl.,e,'e d,e ll,uelle Adre>..c: \.<:hre,ben mUflte. damtl 
rrwI unmer .. eIß, " 0 l1WI ,,~h B«*k toertllOCI rC'<Tler mUßte rrwI 

,m ''\lf3UI ",~n. "'0 • ..,h d,. Unlerroul,ne 1m P, vpLilllm.,pei~hel 
ber" .. kn ",nI. lu &1 ,ew .. e'1C "'rnkn -.>11. bc'\u ~n d,ese UI)e,· 
haupl ~hoeb.:n tul Alk d .. :·'C t.Ibe.kgun~n .. erden mn der EIn· 
fllhNn, '(lfI \ l .. ken IIt>o-rflll'",. JtdcT RWlme. oder bc:<"..,. JNn 
Sunadte....,. llI\ dn ,,,,h eIN:' RwuN:' befindn . .. ud e,N:' Marke 
IUI:<'''.eYn M<'I:h.e 11WI.'N:' Rouune ..... futLR,n. " ,n,! , ur .nbpo:. 
chcno:.ltn \I .rI.t 'n,"'e"L Ikl 00 A,~mblterun, .. ,rd Im ~Icn 
OWdl,.:u'I, den " ... Mn doc ul""lk Adw.~ zuge...- ,e<om. Ik. A~. 
StCIhtIkr fulvt wlu~n Oll<h ubefdte Adn,<om und der P'og,am­
_,., ~hl 'ICh darubtt l. ,N:' ~k.n mehr Zu tn3<;hcn_ 

__________________________________ 3.1AVR·A ... mb~ 

• 

• 
, ...... ... ." . ' . ~ . , 

... . '., . 
., .' . '.'. . 
w •• ' •• , .~, 

• •• . , 
In d..:wm 8ehpIC: '" "d dcr t.t""'t .... hk.t. d.e Mteh<! lü ..... 
n<1. hn &1 tkr IIffehllUtn Intn:"k/ll~ .J1lC ,.Icl>lcr- Itdu. An 
""h,,<:&11<1 l.,nn tu dlC'Wl" t.t~ mol dem EkI.M ."-ltr'lp Je.l~"n­

Jen .. c.tkn Oh,: \t.rk('CI mulk<- ~h dem Spru"pldli dLC.ob.., 
'UI. AII,.,_ otdKn. MI de. ~Kh <kt IN(' -Odt/ll hcf,lJodc, bn ..... ', 
rer N .• du,·,1 ... an-, da!l dMItI .u.l'ropamm n .. hf ,ntk'ffWt> ~ ,,('(, 
.tKn W~ 1100.:-..... 'C.dcn l(lnnIC. eh _h .bnn d.e ab ... I,"" Adn_ 

~ndcm "'urll~ 

Mmrlcn ""h,~n .. ", C'n<m 1"'PI .. lpIIIl~ C -- enden_ Fctn<t .t.lofen 
". mU Itd~"hcn N.I",,"" ,m "'''Jramm nur tu.r<IolI .c'1(ebcn .. ,., ........ 
d~ Ikr AVR -A ,,~mhkf ~n\Of"l""n 11 .. "',...:mblkrun, !I"t CIf":. F~h­

krm<!dun/( dl'olll"Kh' 

1),\\ i\r\lcrlen .u" un""Ucltur<-n ode . .... e" dlf~llCn W~ft('n 14111 .i~h 
genau>o "'l, ... n~h' .. ,.,n W"II ,. O. In' "'"",.:nm on c.",,<,on oder 
meh"'l'tn Sld Ion c,n bc"'m111l<r W<" ,.,t>r~",hI, ~ l~nn dlCWr "" 
her C '11C'" Symb<J1 ",~,'()I'dn<1 .. ~nkll An &r enI'i"""hcn<kn Pro­
~l1Im,," 'dl< ...,,,..,,111 man.uno &n S) mb<'l"""",n 'Ull &. Wenco.. 
I).~..., "''''ehen' .. ·.' .... Cr1f.l ....-... ntl;"h ru, lx_ren Lc.<b.v'l"J"'" 
I~r~:n_n be" da ,,,~,Je .. Ww<n "nn' .... I!e S)nJbok ltKMdnr' 
,=, 

• ~ . rat .. . "I , d -'-- • . , . • 

• I~~r"".· 
~ •• • ,ut.;.· ". , d .1na - • . ,_ roil.' 
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3.1.500Ionlypon 

Ikr AVI/;-A • ...,mN« ...,r.ort>e.'CiI!o ......... tXlUn.k'. hrutkllm:.k un.J 
ASCH, Wrr:~ In ..... I<>IS' ...... n T.btll~ "noj wc un'iI'"f'lUl/len Daten· 
') f'C'" I II S) nu" \InoJ Jf CI ~ Ik"p,et lu.ammr~d.aßt 

" ., 
t-.IOIO:II10\bi lrt, W~1l 1 

<Ir 100 (d,m !:'~ Wfrl 100) 

hruokWN OdO OIkr S.lO ,h ','" '''~1I1' , ,:. Weil JOhn) 

.. \Stll 1 "·\,\SCI1·I..-.,,,,. ,\1 be. Befehltn 
, '"A' tw:, .,k. OB-IJ,.d"H 

I L----~~~~ __ _ 

l}c, de. nll-I),rdh'~ lÖfln<:n dir i'.tlcllrn 31., elflC ASCI1.lo:fll~ ~c . 
...:hntbtn .. «dc:n [la, '11 beI Ium IIc"plc1ln 1lIt-elkn ~hr hilf. 
"'ICh 

3.2 AVR·Simul.lor 

3.1.6 Funktionen 

0' 

, ,n 

,n, 

I \,', 

tom 

3,2 AVR-Slmulator 

[kr AV I/;.S,,· ~l~"\f "'" Atmrl .. ,ni ""hl IMJft unltnlllUlUOO 1" 

t>crcll\ ~clu, .. h~1 DIr Aufpbm.sc. A\R·Sllllulato.lI$ .. <"fIkn t>c 
"rns '''" dem I'n.>Jr.Irnm AVR·5111d1o (w:ht Ak:lv\ln J JllUISC" 
fuM.", d>Il c_ lcirwn Sinn md.- mKht. u.(1 ~ plQlId 
nrbrMllldr. IU ~brn Auf dIe 8cscbrt'lbull' OlMe' H'nlllltrn 
Sor, .. ;m:tool .... in! dtshaIbUldlucl Stdlt ..n~'tt I!nIlldl>lC1l 
At...:hnlll ... "'[ auf d>.1 ü.cuclk S11IIU14,'wlool AVR·Stud>o ft1lJc:-

1'tI'~cn "fflkn 

'7' 
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II,M ) _1: 
Dw f',~,u, 
• S ,"", 1<l1,,' 
Of'l~"" ~ 

3.3 AVR-Studlo 

\I" dc'm Prot • .. m "VII. S,udin l-UIn nun ~Ik' A\' 11. -' h l.n'OXll'ltrol kr 
,",,~IIC',"", Du" muß IUI.~:h,' mn.srm A\ R-"'\fmbkr ~~. <.km 
Sou",...:.'ldt ",n OI>JC"I' 1'11< fflfUI' "eRkn ,WR '<;11><100 .. , t.bnn 'n 
dcr I ~e, d'Mn Ob,....-',hk'~ I.....,,, ~nd d,e' l'n>I .. .unm:w~l uhrung 
tU Umul",,"", h,nll In-C,reu,'· Emui...., .am 1'(' ;atll-'<"'<l'Ilowrn, tbnn 
d,cn, AV R-SloolO.>I, I:nwll,oßlC'U<lUn, '>!fhe " "P!'d 41_ 

, • .' ~ .- , .. , . 
•• '" -, ~ -_ .. 5/ "'" 

, -
r r 

" r- -
r 
r • 
• • 

,,\' R· <;tudto t>t-f,ll<.k! .... h ... , 4tr Bqkiu I> "'I \'t..-m..'fuIi, Brn 
In. 1'rufI . ....... I" ~'" _ W.IIdoo:N~ und WlIIdow.l sr 1ai>rT,i. 
h., 

"",nI mll A\'R-Studro dao tNr Mal (". ~''''''''" Ob)«1 I ,:rc- Jt-
0111'11", "' om.Jorintdao .-o;'''''rhtmOpl .. r -~. Ind ...... rn m. 
'Itl mull n,;m den tU WnWkrer- ' ü A\fR-Mw..-.:ontn:.jln1)l' und 
d'" tU , cno-1'II<kt!<1or rurfFYqllCl\l ." IN j lI8d l.l , 

II~I n1.Il1 dI e ftll>f'lldlcllOk Wahl puutrm, cn.:~", ... Afbril" 

3.3 AIJR-Studlo -

kid ~ IWII-Su..tjoo In AI 'km fdd kann IDMI '«" tu.:deJlr I'c~ IltU ... J. 
"rr Mf lll'ß, d~ z_ 11 IlIronnlOOllnl DM dm rrou._ Jd:Ic"o' oda 1t~'H-SlwJ"' ..... 
ocn Inholl <.\0:. IIftl..« 1IIn.1ftI lId l.J UI,' nn.) pi.o.;hn A~'K> .\, ... ..t..."". 
hen OC. AV 11. '';:UI<Io ArWlldddn RIOt poI'rllClen I-fn",," .~f,.od.., 

..... 
"'- -- . -• . -- .. - • - • - " .. 

'" •• ." • . ' , •• '" .-.. • -.. ... .. , • • - , • • .. , -_ . - • - -, .. .. .... - , 
'"' -, '" - .- . • .. , .. . __ . . -

". .--, .. - -' .. .-.. ... - -- -, -.. .. -" -- .. .' • 
" ' " --- - , '" --' • • 

_ .. --• • • -• • 
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,~_'~'U~.~"~':' __ ...j"':":"':::W:::":":'~ __________ _ 

I'(npi , , " 0..",( 
\\, Il10 ... , 

l.c,~r d'e \'~n_lhkn. Vll1af·knl)l'C'1I und 
dm'n Wme.lll Der AVI(. ,\ ~'Dlt>l<"l" <"1". 

U"Ul(t leul<; ,)mNlIK~ 11II ..... >iUlOO, "11,) 

.1.l8 d!<se-- I'CI "rer nw lx1 "Cl'*mdung 
,'I>C" {' ·t"<'flIpt·.ro J<'O"'LI , .. <"nkn bnn, 

""")11 '""hrkhlcn ",1'1 ,WR·Srud>O an 
den u.:IlUUC' ~n. 

l.(i~1 den lnh~lt der unler.~hkdhdlen 
'~I""d"" Oll 0..1 h,h:il' kann In w.,s.cm 
I'cmlc. ~u<:h nkldir,l.icn "<nlen. 

l.c'~1 dc-n ~ ... ~mmZllhk'. den Sw.;~· 
l'o'n!r,. detl \b."hin<~)~lu,.7...:.hkl 

und ". " ~:" •• : . .s Sr.~" ,-RCj:'\lers ~ 

t her lN1ncl! l'<>n'Ia. d,e Inform~'i"""n 
(trI d,., '-cr-.:h,."jenen Pnlpi'leI;c.Modu. 
Ir ",,-1·,""-,/I..·oul\ln. 1\ ... ,-<. EEPRO\1. 
Ret"'cl. SPI und lIART .,n1('!1en, ~e. 
önn1 .. 'fT1kn 

I "----~---------

I ),e A\ ' 11; . SIOO .. , HoI'd'Ilr ..... h nub..1Inn, S\;v1 und SI"" l<.l: IoC"n 
(11,1 der M."" durrh Anl\"lc-II dr:t k""" "'lffWln "uda, h 
1'.""". IIf /ehlf"'n,J tlKh duJ,h l_nl ..... II'IIMI.Jnrn (I''TI~~ 

Ktf.hJ 

TuUle 

1111&1 .. 

Tuple 

MI 

Show 

Hdp 

R," 
ßrcJl 

Re\.t't 

(,,"Ie ,."" 

SIel' Ow-r 

T rlC't' lnlO 

Srfp Oul 

3.3 AVR-Studlo 
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4 Hardware­
Entwicklungstools 

In tI<no: m K"p'ld .. ttden dru H.d •• t-Ent1o<idlun"loob brtpn. 
,IK-n tkr AVIH'r"pammn, der AVR A1'9OlCEPRO I,,·C,"'UII­
[,mulJlor \ on Aln-cl und du ~hUIIS·SI."..-Omllookop mit 10. ...... 
n~1 LoII,b .. ~ly~Of Hf'S464~O Ym Ik.tea Plck .... d. 

M't <km AVR·I""Jnmtnl:. UrIn mal alle AVIt,.MikroLOntrul ...... (~. 
Be. d'r ATmr'~-Llmihr) teticl1 oder """b ln-<'i=tll!"'>tr.lfT).mr­
ren, DJbc, h~nddt ~~ loch um C'Iß M!hr pRi'WTfta Tool. «) d.:dl \1<. 
,mc.t" 'c"" Le",. C'lIl1:n lelcbu-n Eim.tir, In dir Weh "". A\'R­
Mlkrucoouollc. e.l\;th, f)~ "",den &IIdmIn Toob. F.muI.IOf UM 
LOII, ~an~I)"-It"r .,M f~r dir profeqionrlle Hud- uDd Soft",.",· 
~nt""cklunll a:ed.acht. I'tet,ltch 1K-fi6cr EmulaIOf ,n <kr (;",Iltn­
(\fduna: von " 000 I}M und der loJikanlly- kOlolllt o;L 9 ~ DM, 
'-0 daß bc",dc Cc.~'~ du Buda:('I eine< H<!lob)i.-m .. ohl 'f'R'ngen 
"lIrdcll D,e Or lu,Ydtc:""",1LtId Koatakuno,:lKbk6Int fltr d..- h<-. 

"hnctx,,..., .. TOI'I. " .... Im AnhAnJ atI#~ 

4_1 AVA-Programmer 

4.1.1 Hardw." dN "VA "OUtaawn'" 
ll. .. n ..... C'tnf'foJ:rammMcls: "7P"":..:I 
tT);[Il \ 'Q( dr ..... ufpbe. dl ... AVR a bo 
.. C'.tr,Cc-.(~idvu","'AYR" 4 :.. 
l'ltid".I.undBMd .... . p· 0 

rr .... 
Eilap -

11' 
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,. . 
i 

I. • . 
r?'''!' -
. ,!",~, 

1 
• • • 

),0-.. .. > .. ~ 

• 

" 
• 

"!. 
.... T _. ~ 

" I ~ .. -., 
I ~I 

.!!.-' 

,. .. 
1 • 

., 

4.1AYRP' .......... 

'" 

Kcm'hl<~ dn AVR_f"Iup_' ... _ JI • Iw Mit ..... 
,,,,,m.lk,Anl9C20SldcrFh 1-4.i -, D'i ... 1 .... Kom­
m\/I" l ~h'ifl tIl>l rUlempc'''''''.", 3 ooftwvc lauft, 
\/1>< , <.I,<: ""die R8-232 Sc' 'p 1 Ho.. Ac i 2 !!Ch ZI'1 er dir "",IM,· 
B~n S'Bn~ i" ru, die 14riel1e"4 - .... AVR·}d,lrv· 
C<,",,(>ilo , Die Pr~I: :: "),:*= -k1:rSdiDinstrlledri 
1'(', und ,J,.' ;n ,WR-PI o!'!!!;t Ln 1.WAXl.\2o I. B ... · I 
'(C",. P,ojtt~'nmlM •• ' lril lJ~,, ·H"P7 i ' ."'lIIXb "'" 
,nlC"", l-.I' I'ROM der AVR-nmll~ J 't1 _ Dieclni I Rn. 02 bis 

l).l lC'jtcn tkn Bctrid:.".n'4IIAYIt-Po:e. •• 
• Gdl>< U ,O, 

- On!"" LEt>: 

• Ru',' I.EO 

Ikun bns" h~JiCn 

c''''' "e,le", 
k'l du(~h 

IEJrII[ wifd pl'OInm-

BiU4.1. , 
ScIotJ/'pk", iI~. 
,'i~':'"I, .')UI; 

"'~·H , P",. 

Il'~'-
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81/4<1. 1: 

1>" 
Ilr.n.d l4lt&" 
pt.." JrJ A\ 'R­

Pno~Nttr'>" '. 

RLRf> 118 6IIOU 
R~. R~ 10 lU 

o 
[e 

('In(" 1O,,~1!6\' 

C~CJ.('I:.CI_',CI' :OOnf' 
C-"'l.< 1(1,( 1_',1 14 ':1'1 
" 100 .,1' "'\ 

111'11 ;" ,. "Mcl'.'rll'" :~IO 
1)1.0.' liD ... ' lmm 

0' ! U)J;Jn 

•• 
• 

• 
• 
• 

• • 
• 

l).I 11-.0 }'dl'l. ; ",rn 

ICl MAX2~~o ~ 

Il: h"hpJ"~"n~,~~I" 71105 

o 

I{ J Mlkr"""I!Ltn)ller Arlil)('~(\.sl 

VI - Q1J_,rl II,O~92 'l.1Ib 
Q} -~rl 4 MIII 
OILII lC .h<",,~ "11. ~pot.jt 
rm:cl le F,,,unj( >lpoh~ 
DII ;" le 1_,'unS,:op..,I,1C 
lPI n,. ~,"~ ".,:l,'" 
\T: W ..... ·Mh-.;h, -' 1 'i-'<>I;jt 

8\'\ • s,'~ I '-B~.' ': ";x>"f 
61: > ~"'<X"~llli i-'t.Kh.<c SI,ft -::, I mm 
K .... ·, >'., !o<Tl~llr s.:hnIlW":I,,. 1 I du<ch­
vctt c:li!.:" (j. qn :">,, Ill'T'hldcrn- '" ~I:>e I ') 

TfIlHlI~ oJ. I : .\, .... U .. • d" AVR_ P",:(,UIU Ir n ""I .\ 'rr:ltil. 

". 

- ___________ ~.,.'-" "=VR.Progr.,"_~ 

dtr A VI( " ·:'flC'f1tn1"f1linp1M .. ... 1C ; *' , ..... ',,'" ,\I. tO Unn ~"'" 
\'~rt>'thJufl' ~I>t, & n 10p0I1pIl W m\lcct H nt<1 ... hc:n .... VII. 
J.>n:,: .... "'".". • ...J Z>('IkanI-.~t . $ lll! .. tide .. \<eoorJ(1 vrvd 00 
AV I( · ''for f.unmc:r Ihn dar. ~IC' rIflI." 111 BIW 4.lb ~M<kI "I 
., .... " .,N """h e,ne' G~1clt11 '\lall lWo",tcbcto Q .. 20 V .... en>C' 
Wn h\l' l,f'VI,..,.,I .... "bm~ V . ,'Vbmftc-.. ~UDDI a:IJI 
....ob <kfAVR.I'r~ .. , ·Mt InI.~AVR.f>roJrumrn . 
rl~" .. '.1 III Hlld 4.1 zu ochm A.r , .. .. nd beode Sc~IIU",a> ... 
lilie! 4, I. unJ IIUd 41. lb .... '.".,_ 

Auf <kr "'.11· .. "1' ....... krplMme oifId NE" "I'dtl "" nur 1)11 .. 1'. ... 
",n;rn "" Aufnahme von AVR·Mdun 'uronem ''''je .. 11. ~I,,,,I'I. 
Ir man "'It<""anlll" ~ullJna.:H .. ",n...- f'l'l-;nnn. "" laIIh MIIl olIm­
r~lt. u!>er ... ·" 10p0>1o,.CII W"'''<'fIII«kc:. """, Vnt..ndunJlU A~ 
(Hlld 4.JIO/b unJ 4,4 .. 1:1) hcrwllc:n. l>rnl har.nw -.:h Ad"l"~r ll1r 

AurnJI'III1" '-(li, MllnlCl"'In>l lcm In f'LC(" .Gfhlu..., 

HCI' 
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/J.ld ,0.: 

"'m"'t J~. 
),dof'unfwT 

~"" ~"Ir 
.\'"I/Jn.,·l· 
ju .... 1( 

T,Jlull,oI.1: 

SI"cUur~ Ja 
U}"o"~~n 
.~"'rU""'Ullnl' 

BIld 0I.~: 
&1o.,'lplun Jr, 
tI<k>pun[lIr 
tmt 0IOp.1I11(1' 

,\'"IIJflld. ' 
/,u."nl( 

'86 

.... " 
- -- -

sn 

1{."Itk, ll"t<'IYn-

" - 100 nF 
c~.n ~2 pI' 

Aulkrtktt, 

ICt _ :'It'dldruc"b.uun~ Wpoh. 
Q' Qu.,rzJ MII, 
sn . W,nntn\l«Ln ~. ~p.lI;. 

" '" " , 
" , 
" • " , 
" • " , 
" " " " " " " " " " " " " " " " " " " " n 

" " • 

-$ 

'" • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• •• 
e 

4,1.2 Soltwar. du AVR-PlogrMIIftl,. 

A\'Rf'roJ 

.""-•• 

SUd oI-Ib' 
1' ... 1 /1&',ü. 

.~brn "" 
rL'U 41"""'11 
NttIItI_ • 
~w,( 

'''''''101. I: 
.('IkJl"M ,ü. 

~tJpJIl",. 
'Id.:l,tnpt.,· "I. 
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11116<1,,(: 
1)", ,. .. '/(_ 
AI·R,. ... ' 
_ IJrf, fIt4J Ju 

.WR,"",· 

.(,,,_, "1<1t, 

~j .. ""r" 
.... nk, 

Hild <1,6: 
0", !luupl-
j,,, .. u,Jr, 

""'RI""""" 
AI·RP".,(. "',M 
Mi", $Mrt ~II" 

L>r"u ... , 

, .. 

""." .3 __ 
.~,._,;'\ 

I 

I-unlu<lnltn drr A V R -f'ropwtuntT on.II>un,<~rnlf\ und "nd a1k\' eT· 
bol'klun$~n ~.....,1~ "" .... 11'. n;o.;h dem SwtdC"l Prottromm~ AV RPn'@: 
.uf dem D"d-.;:hmn c,n 1'(1\'(eT "oe on Sild -1,6 ~u ""botn sc'Q_ 

,. . .. 

I 
, .... " 

J..F.PROM 

!'CITICt , 

CIQ Luu.uh,botr 
~.urd_n 

________________________ ~·C·l~.~V~R~~!~ram~r 

IIIH g. ftIIf D 1111 _ br>I Hu·fon,w 1ft dft, 

DIIe,·Bllft'n _ AVIU'rQs .. ' ..... "'tide .. tot .. 
drm BUlIOII "".0 •• - k-. _ 6It ~hlllu.­
n .... hcl_IOk ..... O"diirthl'trcm 

M., h"-d"k.-~o.ac..ck "npt.odh:I'CIU 
"nllC.<bc" .... l1li o.n-B~, roa AVRP,,'1 u. 
, ... r",", .. erda 

).1" .............. ..P1 ...... -~ der f'ws;r.unm. 
'pc ... botr dco _p:Wlbha AVlt.M,kroo.Of>" .. II<1 
l""IramJNet! 'ud: iL o.bn "'Ci ,. n <Ix 1)~(1I, JiC 

.... h 1m DaIt .. BIiff« WIll AVRJ>roc bdinJrn, rt' ~ 
,r=wn~" 

Mn .. Wnf)- .... rdea die D .... n ,m Pr""~",,,, 
.pe" .... dco II,tl,C'oOtI::hea AVR·Mlll'OCQnif .. I1~" 
""I dtn f)"len. di" llCh ,m D.lci-8ufkr <on 
.... VRPr'" bdindtn. WfII"' ..... 
S~hh(ß".:h .. 'cIdrn m1l . .R9d" doe I~n .u'!km 
~u'!I<" .. ahl' .. n AVR·Mllrocon"olk-< ,..~n und '" 
d,e 1)" .. , ~< ... hncben, doe ,m hld ,)1., hk' ""ge' 
,cbo:n .. , 

[),~ BUIIOll> dK' = 0rvß0e hIben die ,1o:1Chc'n !'u ..... 
',onen ... ie dlC' dtc Cio'4i" .,R&o.h- 1lII: .sr, Au-suh· 
.. oe. d.o6d_ ,,,,bJI:HI.luuf du ,"'""'-' u· J'ltOM 
und n .. 'bt .ur du! PI .... men'pe",her de, AVR· 
~t,kro.."OIIUOÜCfI br' *n 
11"" .... IQII Hilfe _ 'I I: def p: .. iliJ, ........ 
AVR.M,tL""(,, :'1 1)op S 12 I~ AU 'q 

,. 
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ß.uI<I.l, 

Da. Fr""l" f~r 
dIr : .... 11;/" ~r~ 

.... ~.~~ 
( ..... JI.-t'd .~ 
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.~ __ .J _J 
..... '~"" "'f. 

........ ' ~. ~M .' 

""',. I 

Im ,.I .. ",~ b'l~" MonU klllln man i)e,;ummcn ..... i. 
m.>n d,~\C BI!, ... v.n n)(khl •. Zu, AI>,fuhrunlt 
muS mln ;m",hh.S.nd lur den "WOl .. ~. Bul!<)fl 
~hd.n Um.~lb~ \knds "','" lUJroa Au'. 
",;\1\1 IU, &m \1.nU .,no kun~ o..Khre,bun, 
~.,rbfn b "I ;>/l/umc.t.n. cb8 d, .. l.o<:~.ßit> 
nu, ,olö..o:ht ... rnlrn k~n. ,,\!km man aul &n 
8~lIon .Clllp &a. ..... kh~k\odor den Progr:unm. 
'J"C'"hr. {fb'h) 00 AVR· \l 'trooontroll ...... pro­
,~m....,_ 0.0 l.oc:t·8n, kO<\ntn bf, frllhrren 
\' .... ,':'" &, A\R·\"1<rocootro)!cr AT90SI WO 
R ... ,uon ,,·e ,m I<'fI<'IIrn 1'I"l\,:unm;r""odus 
n,~h, PfUl!nmm'.f1 ""rnkn. SoIh. ,m Hsupt· 
r.n'tor ('1nor cl' • ..n l')-pen iu_' .... ;\I\h ",ordon 
M:>n. bk,~ d~ Gruppe unllu"ien 

I" .. (;""ppe bIc1b1 unäll''''" da cl ... ", FiIIIl, .... 
nur ,m ,... ....... PtopunmlC'mll>Ju<6er ""M. 
\I'\I<"OOOIIIt"'''', w.,.:folln '"'«4en l.tnn Da oj,;, 

AVR f'rvt:...., .... , n ... don I<'nrlk .. "I('V"'" 
n, .. rmoJuo 1IOhnn..1II. "'rrd dinc Fu.u.",,,, " ..... 
IIIIl'tnnlut 

l)ur.;h lhdrn aur dlnQl 8~1I<>1'1 ... uJ dr, I"'· 
lQmm'f'l'''hr. ,t\l..lu UftIl ..w U )1!.OM Jes 
"VR . M'ktIXontJoIkn ,tloo.:l11 Frr~T "",nk~ 
",~ L-,,,l-8n. ,rlM<Iu Il>r t",<,-S", .. enko 
"l.ht hc(-,anuBl: 

I),: "C. , ,~n~,u,r' :1 ... ,1 d,r ".,lUIlIfr- 8)v~ tk. AV R \1 'l' .... · 'no 
Imlkru," Im 'C'nd~ h"lP ornnllCm><lolW. ~(.,<, • 
non cl'r S'gnMu,..·Bykl nK:h, Ilck-Il<'n "'c/\kl, 
", .. nn cl", Lod.. -8,1 • ....,.u1 .. nd 

Th.gc~ SW "" -.: 

/r'II a/I. _kIlO AVR·f'rosnmmr,-P1~lIne.1I­
"., ... hl .. M'n 1>1 At. dc-n AVR Pro,::umme" du 

In cl", ... m au.:h br"",hnrkn .. inI ... ,n.! ''''''',,' 
• .AVR I)I·_V· "'~~U"lg. 

J',r'Jl:1 cl ......... 1(0(\ dr. SOf, .... "'" an. m,l ,J.. •• dr< 
\U""-"ONroik. A'N'K'2O:\1 arbc-ill:l. dr. ",.h "'" 
dor AVR .1'r"'IC'4mffitt.P1 .. ,~ bffllldc, 

W~III~nJ d<. a'·lncb. dc-. A"R'f'roJ:~ WId des Prof:fUI>/lU 
A\'R Pn.>~ konllC"n 1J<.'h noch aIII:Icft l'aloC« oIf-. cl", ., M'lkI· 

erHOl""" ,,00 
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4.2 Der Emu lator AVR AT901CEPRO 

HJd ".8: 
.WIL~r..J, ... <>11 
f:"'wl~l"r· 

J"/,",1'" 

.... 11 <km " " ... 1.01,,, AVR A"NIlt(EPRO ,,: ~ ..... _ mo,:llCh. I'ro-­
•• ..OtnI11C Im Eonld",hnIlIS,nJk-SI~I') ~b/"~'IC1l. U~llepunll~ 

(8n:~~"",nl') Im I'nWAmm 11,1 ..:v~n. "" den die ~mal,ls· 
IOtvunJ .. ~el\.lllen ",,,U.litn Inh .• 11 litt Re!"'n lU mo.><J,fillCtcn 
un.J I'n>p>:nln"lt" In ..... h!Je'II Rul-Tlmcl.u.fuhn:n 11,1 '''"'''' Die 
8(,lIe_. !k. I·:mul.,,,,, nf<>ljtl m.t <kr S ... ft"',"", AV R·Stu-dlO. dort 
In \"~rbondun. mil Jom AV!I·\"N01CEPRO lut EmubtON>f.","", 
'" InJ h nc.kl AV R -Stu,h..., he,m Uokn ~Ino:r DateI \k"n Em ... lator AV R 
ANOICI:PRO '" ~,no: ..:mlk So:bn"Ndk-. loCh.1JlCI AV R-SrudlO 'vm 
S,mulll''''' ... ,n dtn I' nlul.ol ...... ,,,lOdu. um. D,n "1111 dun:h dIe Uno 
t~l'\l( 1J:11r m:hh an!«,U'IZ. (Hlld 4.8) 

'-"'._._-- ._--

-•• -•• _. -
....... ... -_ ... , 
~ .. , ... . .- ... . 

... __ ......... _ .. . _ ...•.. -.' ,_ .. - ... - •• _' .--0 _ __ •• " • 
." .- .• 
,_. _ 0' 

,., 

o . ' .. .. . ... .. -.. 
•• 

.- y--.._---

........ 

4.2 Dw Emulatof AVR AT9OICEPRO 

I),:. hnul.>l'" A Vlt A"NOICf-PRO r 7 'Cd r l .sw.t loW) r .. [ 
p-rl<k AVk Mll_t"~1n 

• A"NOS !lno 

• ANOS2' 1.' 

• AT'IOS:!. ~, 

• Al'IOS.:.J~ .1 

• A1VOS~4Io1 

• AT90SI\1L~ 

, 

, .. 
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HMd: 
IIPj.l64~D 

O.;:dl,,'t,.p ... " 
16·A"",.1 
1.Dy:'I.anoI, lOlO, 

,,. 

4.3 Logikanalysator HP54645D 

--

1;:1n L.ott.~~I)''-''(Ir 1I~5D t>c-Idll ~u, c"lern 2·~ ~.I lol. 
ko:op m.1 C.n"r B~ndbrc'lc ''''' 100 M 111 und c"lern I(>. K;lß>.1 Log,k­
mal) -.01"'. \)~, hc"lf><k~ ;u, d,C".C"m Gen! 1\1. <ba IlIk 18 K1n.11c 
ICtll~hcn "nd I'cmet kClnMo """'0/11 ~n:llot!c S.glUlc 11. au.;h 
do"uk S'IfWC IUm Tnwm her:anj:C'OI(n ",enkn. 

Jk, der Jo:nl",,, l lun,l "'CI Scllahungen m,1 \hk.roconwllern undl 
,'<kr arp,loJt:cn Schahun~'le,kn k"ll."I d,<iC:$ G::r':I.l he"'~r>Ik 
I),cn"c. AI. kk"lCO' 1ki.,~1 \C,....., I Bild 5..)4 ,n At>Khnon S.6 'er. 
"'"",n . .u.. nUI d~m Ct-ral aufgel'lOmrl1oCo " orden 1\1. 

- ---- ________________________ 5A~~dungen 

Anwendungen 

Im fOl,enden K4r,lcL ",·r.kn mrh",,,, Proj<llc ,'oI'Jc"dh. d,e .. ch 
""hr ( onf,.,;h lond mn ou'" Ilcnnllem 'U'Jl/h~h<n Auf .. olI1d..n 111,,· 
demen\cn nH\ .kn A·!'JOS2.l1 J rc~h",,,,,n l.!.»tn \)ie 3hg«lrud,~n 
l'JOjtrornr .... I."",n ".h 00100 ,n ('~<"" Pro';"ll" ",nhio&:n. d4 IJII 

onod ular aUI~(tuul ,md h "Uldo;: ,rollen Wen JU( clnf"""," f'ro­

lI .... n""'erunx gdclIl. dam,\ okr C<>k 'c ... WldIo"h bk,be 0"" 1'"' 
",(,I, d.I'Je>ldJt,· "u.(uhl\ln~'bc:"rlC'l "I ..,hr <,nl..,;b _llde,l. 
D,t, cm~h,hI d~ \"er.Ul",Mulk.'hu"~ okr .wr,.,rulen(n Pr,>gr~m 
modu le. oh"" da., ,(f.J,,~< ~r.uTUn unnoti, .. II..bI..bnt 

"uch CII'" Pro~l1I1IlI1\YI1unl"", kom"" oIIne "''' ""'"'" HW..-.ve 
"ICh! ~ui. [>"nil' okr [.(1oC( ",,'" n"" pille" SanwJuna: UI c..pm ...... 
hrrplall""" und unl<"N.blC>lllICbo:n M,k,ocOiiLlollem .. t I v I ~. 
",n mu6. b.uICRCI alk In dlC-Km Bucll bcspnxh J' T Sdaaln";ca 
.... r ~ ""lCr ~I"lJfC'n E.\pcomenllCrpbli .. (8aoI 5.1_.'" 5.lb) 
Auf dle ... r Pl..r,,,,, kOüllcA <IIIC Mtk .... ;owlI .. 1et AliJIOSl200 8Dd 
AT'KlS2\1.1 ~'"JeMUI.onkcI. Die Pt." t.. _ m 'ni pt 
\..od<n llo:trnold IA .... h ........ Aa' FIU e "Q' 

... 
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fTTii'l'1 
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________________________________________ "5CA::n~ndungen 

Ikr M'~_'..,I",II~ ," ,n IIC!IGol f.nf ... h"~n F,xm ~"'~ I-u. 
d.'n l'll\1 IOtjCI d.'. Q,a....rl QI mn 4 'mt Rcootwnlf..-qumt I)H, 
K" oden$;",,:f\·n ("'/ und (8 _gcn J~fu •. .w der ()uM_ .",lItf_ 
",1\ ... ,n81 IM Re K'>I!1bm.al'on .... 'U und('1 "~"'d4. R<'Y1-
S'gn..1 am '''n .,RL~IT· .,I .... ~, bis dl<' V'lWfYI>nP-r-u"l!lta. 
h,I ." lIbo>. den Ta"~, TAl 1.1& l,I.h bc-. Bnluf IlIUlUfI (.n Ik..:! 
....~I,~ n I~. W,,j,:,,,,,,.J RI ~pt'nr' den Sltum. den de. Rl'-~I,T 
h n' .... ' ~ufn"!)1nl H...:hf"'qu.:nlc SlOrunlcn .. 1 d.', V..,.,.",..n,,'" 
'p.ulmLIIg .... 'den ~o'" Koo""' .. -"'IOI ("2 ",,',"I\lru.,;kl Fur hreomenlt 
mn der ",nclk~ So.hn,uUClk RS: II ,,, an P,,~I ... -....Jk,. Cf t-c.. 
"~hl MI , lCl. den K,-.ndM""I<>R:n C1 bIS CII ulld der Ouch,;c Xl, .uf 
d.'r Platlllt ,nl.-,;:n," '1, .. hl~ ""'" die"'" "",hl .... den Ponk ,Iunptl 
dc< M'~""'''''lrull<" h.1n1<n hat,..n. "" hnn cf u",·, <kn Sd, .. !tc. S I 
,"'clkm,"", .... den. 1)", rn·C""UIl·Pr~tamnllcru"J du M,l"" 
~on ln>lkf"> "I Ub<-r den Sl""~cr sIr rn6jI:lKh OMrl'II:'& ""h de, 
AV R -Pro,,,,m,,,,,. ,u' K"SlIld 4 dud, .u\ .I", hpo-mr.,nt1Crpblmo: 
....... hhdkn ulld <kor M,l,oconrrolkr<;>h"" I II n. und IIc",<"<~<n pI'<>­
B' d"'llll~'C:o D.e uhnJ/tn 8 ..... I<lI\I:nl< OU J • BR ,_ lC'l. R l. 112 und 
('<) b!\ C' 1 ~ t"lden "n ~ r"",,~ 1'1<111.,1, d"', GkK",p~nnung,·" , .. ,_ 
... lIen 7. J.() Volt und \\'n;~",I,,,,,nn~,,~cn , ... ,,,,lIen 9 .. 20 Voll 
"eller "Ur 5 Volt ",sei, 

[ 

........ .c, ••• .... ........ --­
......... _004 ,.. 

'. 1 . ... 
• 'r" ~ 

•• : ~'@n •• 

-
•• ·0 

8;/4 S, 111,' 
H~"ilr.u"Kj 
,.,,,,, ,lu A rN-

f; 'I"''''''~M'O. 
pI'I/I'" 

117 
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'" 

RI_R' '~'JU 

R:' IOUl 

Cl. t':',ClO. l'I 1 lOOn~ 

C-' rb.CI~ ~ IOIJI Ib\' 
n. l1l. = ~~I'I-
('\,1- l00IJFI.l~V 

UR I . 1IIüd~l' ~kl~hn',",(ci S-WC 1 ~OO 
I)] I~..\]..\~ 

m I Hhol 
In Al'Ä.1,\H 1.1 
1(';' ~l-\x:,)2 

IC' 11IO~ 

Ql ~ QUM,4 ~1111 
lAI r .. ' [H 

lPl 1'I0Ilr[,:"I, 1 \ 1000hg 
11':' ._ pt; 1(, :,m,' 1 ,91'011,. 

sn . W.m., ', .... ..." l ~ 5p(>hl!-
SI DIL-s.:h.':' .. f.~\l,· 
XI S,,-.D·llu.·,_:9p.>ilg 

. mm Süll ~, .. oJc. ':''''''' . . ;" .ho.;·) 

I "--~~---------

- ---._------... _- 5.1 Touc h-Memorlel 

5.1 Touch·Memorles 

T<><><: " · M.". >11<' , ... ., 1>.011. s.mu.:onc!lJ('I<>( "nd ~r< .... ,. dM' ltI 

." ... m lnopfuUel ... l",h .. 1Irll. NIIdm b:SrI~I",h!IQ)C ><3111 11> PJ<!I 

Ou.n; h"1CUCr ulld -.. 1»0:1< >'Oll ,\.1 mm '*' ~.Y _ . je IMI:b 
1)1'. \loill'l~hl I-UIJ Ihr. ·1)pnabc;IU: ...... 1..-. 11_\ 1"" 

1>It" ])a ICflU""nr-~pI/IJ ....... ~I\d 1\1 <.Im T ......... -\1 ", 'u (rI\>Itl Ub« 
tin I·Dralu-!'rCJ('*oll ])" I'''"'JIC' IUI d,~ lhIrnllbt'''*"",~..-iN 
'Oll okl ])"'~nkuun, wl!>rr .c-:..-r"'IIftIIf'~!'lI'I". P' .... -nl bn .. ' 
drm ("h ,1' u'ltjlnrnrr Mull'plc\rl elll","' d ..... k"'lIIr1t""e" S,­
j:nJJ( ur\d ,o'gI olafu •. cb8 cJcr c'lft"l" br Src",hrnhlr dir 'Rh" 
~(" \'ttn~k rm~l1 lkl .. ,,1<1 ~,ch .m TQU..b· \1 01'101') l1li1 rln RO .. 1 
lOS 1990A). wud ~,·"It "'Cllci'<' Slrom"c~n, ben<)l'f[ s." dm 
1)1"''' mll SRAM (DS 1\191 !>n. 19'1(), i,' "'ICh ~'1\(.1 V,l.l!h,u"'· 
I,d le ,olr gr,on. 111"" l.ct...no..d .. "" WII\l ~om HO"ldkr mll ro J.J/I'm 

~ng.,c t...n DIr ('''''Pi '"00 In C\ IOS·lc.:hnoJ.",c lu"duhn. 

,._ , IMd 5.1: 
nIe r"",,/o, 
M" ... "", "",I 
'" .. '"~'" ,,,MU. 
f :J..bltUoJ 
(t,IwIUS" 

",u/t" .. .,. f.>~ 
MoJlipl .. . a 

...uv.",., 6<t 8", 
<lU/dn 1- /JroJoJ· 
{JQu"lt" ""1t 

'00 
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8,/11 5.J: 
Du 0"","'),,101, 
A".'~.nR 0""'.(­
/,,'1,1 ~, .. 
1 ...... _ .. -

j~loallrn '''" 
m~hrr"" ",~(h­

\,~ .... ,,'~, "~I 
J~m H~, 

200 

l)e. AII'~"".c"«'Ibcr ok'. 1buc h· \I~nloX1n ,,' .1, Opcn·Dr~on "11'· 
,.,ruhn [)...!u"h N~' fI1<l8lKh. JI~"" an """'f Uhhehrn H;ud .. ;m~ 
~nlll",hhdkn I.üok'm ~ .... n d<. (Irc'n-l>r-a.n·AII<SUlJ! llber ~.nen 
W,d<", .. nd IU ".""m Wu~"'·A:-;I) 'n~nlll'r, .. " .. kn. so chß WJ!.ll" 
tIn 1 .... 'IIm ..... n"' ..... I"'n ",,", mc:h...,,,,n T..u.;h-MtlTl(lf"K' ~uf <= '~I'\ 
BII' rt1Ö!lh.-h ", rnll~, ~nn\ dle",n au, \I ",roLAN 1k' "/ • .Je. 
w",~n..k'< \II ~ "l<<>I"I'roll<r ~<IlICn Optn· [).,IIn·Au,g.lllS '" 'N e,n 
III"'-"i,dltf l·,.n","'" ........ endl/l: und nun mu6 ... '.-e, Port, I·u. dl< 
Cbenra~unt 'T"'nd'tfrn. 0.0 ..... be,m hlC" \C",·cn..klcn AT90.~ 2\1 I 

( .... h< S. ..... III'I .... Stile 2011 1 

o..lI~, t-,e.c. T(>Uch Mrmon., m,' SRAM_ f.PRO M und bW'ROM 
ST"''' M . ~n Alk Vc,,'o .... n ..... ben "on 8-By •• jI;~ RO~1 J!eme,n. 
I.lm. ,n .Je,n ",h.on bm,l) ("<>Je: • • HIt 6-6)1. IJnge &nennumn",r 
uJld . ,n CRC·M lUd" KtdunU:allCy Chr-ck) B)le be fi ndei. D-~be, 
.......... 11., ",'h um ~eln In.>,k~np"",,r .. mmlene, RO\1 . son.Jem die 
11- B).e 1.vI~ Inf",""",n"" .. ,N.-h d<. HenU:llu", dutth tb..< Durch. 
u'l:n .... n ~on 1\11) "h/lum-BAl""n m,l "' .... m LaIotNf1lh1 .'lIBe",ltne. 
I'>on IX. Vortt,l d"'\e' Me'hooJe he&1 aur.Je. H:u.d &',.Je. Her.lcI. 
lunll ~on""n d't J!1e",""n \1 .. k"n .... tu. d,e .... hr leuer " nd. "e","",' 
del .. e • .kn ~(l<h ~u( dem _~,h/lum .. ;afer l;vln d.ann d,e un'que 
&nennum .... , rUf pk, Touch.Mt/TlClr)" f,nuln elngd;L..:n .. erden. 

Ik, Tou.;h· \'e'~ mn SRA:'>' ," ~,"" 3 Voh. l.lIh'umulk ,m 
Gtlt..\u.., In'e1:~n und m.m ~n ""'n Spe.d"'''~l1 ~1",b'8 0(' 
' ·e ........... m 

________________________________ ~SC·l~TOUCh.M!~~ 

Ud den T)pen "'" ~ "RU\I 1 1)\ I 'IlIo Rf""') .~. ~LIT. d.1II", ,n ,he. 
nul e, n ,,,~1 pto~nlllln\l~rm kmn. t1I du GrhSu.le llbe. ~"1Q QIgr • • 

Il'·' I"'(n,," 'frfU&t. um dta ~T"'IC'''''''ieokr o/lI IlII.chcn 0.11 .. 
...,lInl ~ r, ... h M.motJel AJd·Only· ~'''mocy''. d h maa k_ 
,n ,hMn nU{ lll'lllm-hc Inh>MTW!I"1lo"1I In IloXh _hl p.-0Sfa!nm1a' 
l<'1J S""'''' .... 'cUrli embreMen. In &c..:-m Ab\dIA,lI vrmkll IN 1y, Tdrllr '-1.­
"",n der [)S I'*'h Rr,o-,,:. d,c alle 01"1:, SRA\I .nftI,.,... bQpnodtn. Ob< .. lr-Iu .~, 
d.1,h. E, n .... ,. du"h""'l1 I.n ....... icdn' bachnn\lbum ST"''';''" ,no T,wlt ."1 .. _"" 
IfmUltl •• ""<hein, hpnt. 

ßdrhlr uJld [)~"'n '" und """' Tou<h-\kmone. ,..erden Bn fUr 6n 
gc..,nck'. b,,""" Sef~hl , .. II't.iJ\d'i ~h""-",n ," Da., L~ß· 811 
....." ..1 dabc, luell' g • ...,nd.. Rel okr 1)~.cnobcnr3gun/l. '" ..1ft 
M'lnxom .... l1cr der M."cr und ....... , T.....:h·Mfmof)'....,. Sl~'f 1),. 
Sy""hronou"on der Bn. rumm, der >"bun clur~h f''''' I hgh-i.o .. -
Fl:ml e ~uf der D~t.nltnu"ll " .... D;ulxh ltiIet der \h"n oder dC'I" 
Sil' ~ d ,r [);Uen"'"un~ .b. Je nJoCh Bd.h1 und D~",nn<hlunJ' 8ei 
.Je, Übtrtrag\lng ""nI~, 811 ~1f1l~ln synchroN"m s... '" , .... 
\ehrn""'n 11", e,,,,, 1'.- erl.w1'oc 

1>.0., l.e\C<t und S<""',l"I:n r:es<1ucbf In ............. '11 T~SIou Nar;1I 
(km !kruh,,,n ci"", T"""-h,MtlUOOi,, OCudcl dtr ~ obIichn· 
".'0(" "u,en RC'WI. um eine .Jer,_ A .... p"p''*'''_ LU tdIaf· 
(rn Datu muß dn M __ (h'Mdcilq RIr 1" , , T 410 '" 
...,f i.oW /lehn!. AII!dIhcISead foIJt _ :t I 17 • 'r -.. ZeII. ..... 
<bo: [)alrnlnru.., .... Hip, . liletl wild. WIbo 'SI I, FZdl~ 
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8,/11 5.01, 
Dir r. .... h· 
"',,,,,m, 
/)S /0\10.0\ "",/ 
/)S /Wll>,. 
OS IWII "1u, 
~,,, uJq"", 

.\.BH' I .... ~ .. 
1r"''1",hn ... 
N"'" 1l0 ~f ,,,,, 

~""'W' Srn,,,' 
/I, ........ , ~"'I "". 
Itn~hu-JiI<-h 

• "I,,, Sr,It~ 
SIlI\Af 

"._ -­
~ 

_. 

--
<l.t> TO\>Ch-1>IrnlO!)' e ,Mn l'n:",nce Pul ... genen ... "," I)oe~r Pul .... 
"" nJ .'om TQII< h-Mtm(l!)' n,"" h dt . !'.e,' 'UTL genen. " und '" l,uon, 
IlJIg I}~n", ~ann de. M.I'n ("Ndlen. ob e;n Touc h-Memo!)' ~m 
Du, onll.'" Me" ... n '11 ode •. ob I ß Ikl Su> kurq:e-chlo'<.c::n 'SI, 

-... _ ..... ---~ _ ... _ ... , . .-..... _.110 .. .... _ ..... ,m 

/JoJII 5.5: F~r"" RrHr "'tt/l du MOllltr d" o.."/lI,"""tJ~r ""lIdo/rM 41J() IM- ",,/ I,J''''' 
:',M", Da,,,~po,, ..... d .. clr ,loH r, ..... /r- M" .... " "''' .. on .. ", p" ... "u.P"lsr "" Id.." . 
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- . _____________ 5'!:...:..1 Touch M.morle. 

I),c O'-'nr.g~", \'Of\ (\ .. , , ..... T """h- \I~IIIOI')' fC'So'h ... hI Jlln:h ...... 
"-'Itrc ,t>rn ~Oft O- .. Ik! I-ß,tJ ,m W"I< /"ro r""e Slol lUlol WmC'-
(")M I ",,,, S~ ........ hdC'm<k' M.wn- m" ",.... H,,!lI-l.o'oo- H~~~doo: 
l'b,," r;q:\ln~ ,nn, ... " tw.. Ilol e""fll.htllc- .... ,'~ T~d d~. "lOh'''" 
60 11' t.n, _ [)~, r'-'h- 'drlnOr)' ,_ d ... [).oRIIIa_,III..Jet ~I 'Re 

d_1 T,n ... SI"'o .... I<I<d';'O(, ""'" da abf~lkrldm I'l.vIl~ dn S). 
,hr.>ru'6lluon 

1>.0 der I kN,·lkr r ... .LaI Abu.actlGo:II14 .... Ie, .... oIo.!!,h ~ 1."",'" 
MclYl(l<} C" lIC1I r .. kl.orv""",,,h I. ... "'hm I ~ ~nOJ «) Id .. ~_ .....a 
.. ""..:noJd_/,c,I! die o-k-.tIIII! Ilabil adLaItm .... de" "b:h'" 
nun t oM ,.1 " u~nrq"n. mlll ~J9'e" ...... I ~ I&i ßKh dtl ~)"""""" 
",""" d,e 1)~,~nlr" .. ng .. 1 H"h ,n.~n .. crdt-n, 

- ..... ''''' 
- .... 1I~ 

- fOUOO"_ 

, .... 
-... _., ... .... ,-., ... ........... 

->.-

-
8,/11 $.6: FIrI~ .' I" or/r",,,,.ur "' .... ta ;1Id~", u du n.r""/~,, .. X .....-Ir du H,,/r-/ .,,­
f'lllnJ:, ,,~ ,-h ,""""",I/,f IU ",.rJu ~ 

/.um SC'n,Jen c ..... , .. er- .... 8 dl<" {)>tefIk'iru.., m.1\dt5lC'ft< 60 lLI .. r 
(.0 .. I"h~lo", ",,,nJrn ~.:h \kJ B~·l'h<nnpllf: bcft6I.." dao TOU<h­
'l~ rnnty ... 1M hrholU"u ,-on m.nde<U'n. I IIS. ~...,..dor l~ 
fon.,e'o('''' .. ~nJrn lGln 

... 
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'um ~",n ""on I)"on au, okm Too.:h. Memory mu6 der f,·laslo. c'­
""n 1/."~d-I)~la nm: Siol. der ahnhch dem Wn!o-()nc, Ti"", SIOI •••• 

I/r"".",,,," llel Mn"". t>c!tlnn. ",<'<k. "", der S)nchro",' .. " on. on­
<km er Cln< Ih,h- LC>" -I'bnko auf lIff Dal~nlcuung crt.cug. Da' 
Touch, ~lm"", ",fIde. d.u~uf r,n BII do, ..,jn,."ortcn SrcIChrr<. Han­
<kh c, ,,~h d.be, um 0''''' .. I". bnl"...:h, da, Touch-Memory nich., 
IOcllor IU lun. dJ d.r D~lcnlo'lunlt Uber on~n PuIl.Up-Wide .... tand 
luf Ihlth-Lo'd lr~hrn ",nJ lI.>n<kh C~ ,,,,h hIngegen um "'n<: 
JI'. nchl r, "'" D~lcnkllun, fu. 15 I" auf lo" [n ""''''' 7-"11 ~,,"n 
<k. \b,'e. dIr [-,,"un, 00I>I1".n [)cr MOl"., nlu6 n;o;:h der S~nchro­
n ..... ,"""fl .... 1r "oe Leuung fUf m,nde,'on. [ 11-' 1uf 1..0" hahen S", 
.... 111< ~htr n",hl I"ngc. ah ""'" t.o" ..."n. um (b._ Abta.~,fen>lcr 
rno.If:ho:h,' I..,., IU lul'en I .... <h de. l.'loc-rtragung t><:~ .gl <b,. T"""h­
\h~""'1 No ,,,,ben 0 ufl<l4~ Iß. 11m dot: Oalenlellung "..,.se. 1001u. 
la' .... n 

Bckhlc und Oll<n 1um TOII,h·~l "mor) hIn "enkn du • ..;h d,c 
A""'n.andcm-.btJn, Wn Wrtl<·Zero und wnlc_Qn., Time SIOl5 IIbcf. 
'N,.,n Zum Lo ... n ""n [} .. ,en und Rl>clmeldun,cn de. Touch. 

______________ ." •. 1 Touch-M.mOfI •• 

• .-."",---.. - . 
~ 

-

---'--
r-

- • - - • 
~ - --- . ~ 

.... _ ... .. . .......... .. .. ....... .. 
' ... """ '" _.,s .. 

-
1-

,~ 

............. , 

" 
n,ld j,8: Da "'u"~r ,,, ,'', "",,,hall> ,."" I' /U IWCh tU, lI,tll-lntI -HaitI" d'~ /I"" ... 
Irtlliltt ab. 11m f)".,,, ".", "",~II· ."10'''''' ~ .. /. u_ 

\lcmo.,c, nl1l8 der M ... "', "nl'I"'""loo:nd ,'cle Rc;od- D .. u T .. he SI",s 
er/clI\l.e .. 

In"c .... ml 1\1 11. .. Lo",n lind Seh",,"" .. ,'01'1 TO<Kh-M"tnOI1C'!k"1lr 
Iflcl.., ,,h 10" .. 11,., h" ud hoer kun der Ahl..,l'um Seh",,""n ron 
O.,en In. Tou.·h·M,- ..... '!) ,J.,,, •• n ... ..:h dem WnlC Scr.&l,hp.od· 

Hdehl mu6 der ~l"""r e,1lC 2·H)!e 13n,e TIIl.'·A,Jre~ TAl ~nd 
TA2 lot><:rtfllllen.,J .... dIe Spolo:beNe[1c Im Touch-M ... ",,), ",,101. 
ah ,,-ckllcr t 11 ..... , S,:hre,htn SUI,(.fl<lcon ... 1I Oatu haben T, ..... h· 
Mcnl<'llc\ "'Hen"nn,,' Adrd!.,l/.c,. ...... 0.., c~ fon' 8., doe.-. 
Ta""", Ad'.' .... ~br:n den Olhel 'IIMrh.ol" cmn 12-8)", sntc on 
0.., 'u ",h""benden Dollen (>([(eil J..,.." }..d! I oe. Oft M_ botn 
okl dlt. Sch""t>en mll c.""m Retd. km tat,..1 = Ucltd~ ~n ,m 
SoflU~hj'.Od, Um doC! OhcrtQlcnn D.ltn ,. WIlrIU:>U~ da> ~ 
00 .... \ del [)~lcn und den SIlIIVJ dn Touth- .... _ Ir,. erlIIIwn. 
mu~ ... n d,,' D .. arn mit <fcom lkadS< ......... ·krdllm' ilrilWOduri 
Tou.;h. ~t"mot)' SC' .... - ..... Im Dca f.nd.(llfhel1IIId deII s_· 

.. '" R • ...__ [7 Ru:} ,,,,,,khcn d ... roodl,Mcl1llO!Y rm.".,· '" I. 
I ,",SI 'c' Hk, On[y Zu~"l1 crl ... bC OitUC="" BrlI, liI 
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,.:",h"d .. r..:n Ihl~n an H., m.lII "(fW("hl ubor .11( 32. SI~lk <.kr 
Se"e 'u "''',.."ben, .... ,rd lb, O.erllQ .... fl4 (OF) ,e""m. 1.1 (,n 
B)1e un>'l)lI.t.and" Ubon~(n .. O<den. >0 wln da. Tooc".Mtmot)' 
d.I., e.m.1 8)tf 1:113 ePI-'1 Seu:t .I ... , Tooc"-~I~O"IOr} ('11(. doe...:r 
,"h", .., i,t de. s..:h""I>,~"",," m,ßlung.-n. Db ~I(bt( Bn ,n .I",. 
>(m 1I.(~"i( •• -t d.a., b,ulOOr'uuörO A"fpl~ 1-111 (AAj, 1)1(0('. '" 

.. "II!I~ ru bo"""'". d.l1l"Wl (, /Um KIlpI<:f\'fl dn Scr;lIch~. ln. 
Il>lh rur (nd~ull'sm Slellc ,m Too.;h- \1(<1>0<) bono .. ,t, Nu, .. enn 
"Net 0,"- ..0.:11 I't--I'bg ,,"""1:lI "nd ... ".I .11("", fbg ,~tll_ H~I 
ll"IoUI .11('" 8,t, ~f~....,h und .. ch IC'ne,lt. l.r.nn ll"IoUI den ~rehl 
-oe",,) s.:r.lt,hf'Od- pn. ,.:rGl,t '<lCI TAl. TA2 und F.JS Inh3h 
n.e"" lnllollt "dlt den AUlhonuuon Co<.k d. Nu, "-en~ d.~>("t 

____________________________ ...:':-,1 Touch-UlmOfIn 

ul;..-"'",U","'t, ""In dM Touch·Mc"M')' d.ot ""·FIq und dcl In 
h.lll \k, ""'''''''1'* ... ,nt an 4Ie ~~ "",Ik lop • .-n In Bild 
5 10 1>1 dd' ~oll.andi~ folu8dUlJfllDftl tIIt doe A,,,.t/VC""""I _on 
T ....... h-M,·,,~ flC'1 ~It"~bm 

B.II/ _f 10.-

f 1'41'1"" • .,..", 
... , 111# f ""lt,.,. 
"".tk.I,·~<"­
.11. __ .u, 
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ROM SCr.Iol<l1p;od M,mol')' 

'n" S~ip ~l~l< h Sc;ar,h R~' Wnl< COP) "., 
"" ('('h '" , .. "All 0» ~~h "'" 
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Tlibrllf 5. J: 
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TM, rltl 
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",WJ wx 

111111 5. /J : 
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1t",,:ItI",8 "'" 
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l.hI •• 

'at ._ 

'11 .. "fhr 

1_ Iod ..... I ..... 
h_ M ..... _''1hl<"ll .. . 
v.r'1lel~b neg.'lv. rebl. r 
blfb Ad.r .... 1 __ 

bllII> ... .ir .... ver"l •• " .... . 
V.''lI.I<h negatlY, r.bl. r' 
h .. OFl'.ft,U 
..... !I&"f I &11 • i < , .. " n 

N. t>&\&, 'Hgl.l< _c,.-_ ,11_ o,,<en .u. _ 
u.c""a~ In ~Ie en~g eH ge s.etCbenteUe 

_ lerl 

'ell I< t. 
~, ~ller .IP.~ON 

· '.11 c..t.""" 
.dl Nlle. 'PYJ.;UTCK 
,eell clO<l., .... , 
..,.. b~t( ... I_.&~, 

rnll '._ ",,' 
..... ~~I f~r. ~lglt...&,1< 

,'" 11 IOd."" 
• \~lter.o!l_u 
"nll -.! ,,' 
nil I<H'. 

~. 

.11 1I t. 

_dl l.fl.. 1'."-", 
'-0&11 .......... , 
:d\ .flar_lU HD+)II.Y 
• .".1I ..... 0 ... 
..,.. fl ••. )< v_ad. 

eal} -.!_0I0I' 
__ .IIer 1'1"-_ 

'.11 ""'Q~' 
.11 · ... U 'n 

,,' P<an.bo.ft.r 

5.2 Ansleuerung von EEPROMs 
mit 12C·Bus-Protokoil 

1)1" I'(:- BII' "I tIn .... rtUcr h.deflk KAP . " ... _ ."'ndIo-n 
IntCIIO"fltn·So..IuI'"nl"" amo,IldIl. e. .... kcll .. 1IJ\k' eil 'ZeI' a.-. 
...... drr ~U'm. I'ttilr~ dw.ucb dir. P I dIIftIr bIII. Alld .. t hr • 
11lC1I. d ie d~ 1;1"'111 iIwnI gcnd(ii H I I,,\,' ".nI" ._ 
"'" >-.:>n d<-t I-rtTnol '1"11,,,_ I nu Ci .Cil n A.G.t·' Im (,n. 
Ikl dlc..:r 11" u .. I>ei W1ieIIcII EE.PROM. ~a .... dl, I;.nNhk 
anti froti:nml',~Mt Ktad Qnly ....... ,,) 

0.(' K(Wtlmun'ulIoo auf <hncw Bus crfulJ!: ober_lai ..... ~[)A 
(Sto~1 ta~l und SO ISerieI Oxt), l\IIe Dniua. .1>0 \U.",. 
,or1lron~r. Spc,d>el und f'mpberie-B •• lane.1Iind lIkr dlcw: 00. 
Ikn l.clwnren pauntllt"ClWId. Oie ""n' 11'''' SO" ....a ta· 
b,l ""n ,,~nd d,(' T.olikilUlil $CL ttuI kciKh ""Jb W. 111 die­
",m!.c-IIIIIICN.>l1 i,cgc'll ,111. o.c..." da DrY-ba..., Der I\-ael 
'on SOA darf 'Ich IIur 1IIdc. I~ _Ihread SCL auf iopodI Lo .. lIeg'. 
Jroe~ [)e~lce h~1 ~inc t ...... "du: {()c._ SdecICOIk), ",m 
auf drm ßu~ "",t'pro",,,n .. ndo:tl lU '/lDnta. Etn Dn~ Uno Sc-o. 
der (Tr.uumll'n) UM rmpBnsn'dtcoei~)seIII, .btl 0-" '11 ei­
""m ondfn-n 1)(:",«, ""ndmudn _* aempf •• h Em llot,-..:e. 
da< eine 03IeIlObetlr.l,un, .niltlC'fl und dar Tlkl .ur der Set·Le" 
,ung ,encnen. ",,,,I ~h t.t_ bt·ridI .... (I_ L ..-irdde.-.II "hkro­
~Olllil)net \1: 111) , Z'" d'~111 '''''''pu..tt lIind .uc = '-",~n 0.. K;C'" 
SI~'I:). 111 l'1tMI~ 5.6 "nrl di,* Bcsnlfe ,~aIIt 

\, ... "tf 

, 

TliMlI. ,~,6-

BI("tJ~ 
/>WO"" /'('·8 .... 
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~ ........ . 
• 
i sc;u , , . 
• 

• • 

... .. 

Il.i ,,,,h .,n ~""'1I1 F{'-B"" th,~re ~b"~1 hd,ndo:!! k(>;lIIcn. "',1\1 
0.1,,,,,,, au< h Jh \ Iuh,· \1.",'1' Bu. t.;,U .. :hn<1 DJ'"'' t. ~uf dem Hu. 
IU h .n<n D~'c~~onn,l,cn k"m,,~. 0.I~ ~kio.:h'c"i~ mdLR:re \1.>.,," 
•• "" I>'&'muhtrtngunjl: 'n.,",,,,n kool1'.n uno.l wm" d~ Au't:""'Il' 
',ulcn der 1).,.1< ... t>rl.:lladl_' ... ~Id<n kön"'e". handelr ... ""h Ixlm 
I'<: Olm c,nen W,,'w·AI' I)-Bu ... d h In, AU'jl:anjl:"'ufen " n,J .1. 
np.-n,'lr.m h, ... ~"·C()II«',,,. ~ ...... h 'c,,",.ndoc'e H.,'bk" .. r 
In:hll<>l"" ....... ,,..roh... 0... Lt"Ll/I~1I SD" und set. Jlnd ukr Pull· 
lJp' W,de,,' .... an dre """""e \"""'lun~"l"'nnunj: \' <X ~c~, 
Ir l:Iild S, Il ... d ... \;",htroo,tun, 'Oll ''''~I Ik'KCl..uf dem Bu< ~ 

eil, 

-
~"'~'--

" 

". ~................ ...................... . .. 

.. .. .. .. -
: : 5Cl.K 2 
: : OUT' '----.. 
• • • 
• 

• • • • • • • • • • • • .. ........................ .. -
IMJ 5.12: l"''''''''''''1 wm : .. I I 1.,.. ... , ., "", O,...~-DI(1", A"J~(J~JlUlul"" 01</ Jnn !'C­
B, D" I-""....~<, sn" "rrJ .\('1, .. ml ... uMT P"II·Up· Uulrr",md. ""I d .. 1'<"'1"''' 
\ ..... ''l"' """""",,.., ~.lr.J/lnt 

'" 

1Jr, \1.o.'ler 11 1111 '11 d~ f) I' .,,"he'" t\lU"~ "\lI ellk'l S'MUc:quent und 
'" •. h t 0.1_ ".11 .. met \r,'J"C'I'k'"' fl.ab", , ... eIn< Hlgh- Lo...- ."l Jnlc 
auf <kr SDA·L.c.run,. ",.oIr:.c<ld SCL .... r HIgh heg'. <iM' S,arr - und 
e,1IC! I .. ,,,· HIJh f:l .... ~" dre SIOJI"'t«I ... nl hrehe Bild 5. (3). Sun " .... d 
~ ... h U .... ",,·.haIb dlC' I)~'mlcll"ng "'Vo",nd Set. HIgh " •. "Jb,j 

15.2 An'leu 1"'"1 YOn EEPROM. "'" JlC..8u •• ProtOkoll 

""'11 mu6, 0.1" .. nlC'IlUftl flbo:llbclrcreu[ '" ellie S!u1. ode, S'op 
«<IUClI.I u k.tlll!1 ....urdt 

... .... 

Saclr.rkm rJcr \fJ'l~' dre 1~1WpDJ II1II ann SlM111<'Q .... '" 
be,<:>I'rren hJI, ill'nrkt <kr TruumiUa die D 2 Icrrks Dat..nb)'tt' 
muß 8 Bn ).> '1,1( ..."n Oi(: <errelle Obertn,u'Cdcs DFI'<lb)'tt'1 er. 
f\)'~"n' ldem MsalM" ... s .... ,r" .. 8111 ...... Neo I/"mallc 8 B~J 
ut>rn ... ~II~n ",Nden <rnd. rnu8 der Rcrcn .... rwrr-<l'fi!plan~ I'''' 
~,rre", Adllo .... 'ed~f IACKI-8.! qulll-. Du. cb"ldlrt dadb,d., 
on .... ", rJc r 1'ran"n."ft dot: SD,,·Lctruna 1011''1 und der Rccr ..... 
d,c-r .. uf 'OK,,,,,h '-0.. lM'h1 o.:r tot ..... mu8 ftIr .. "CK·B" em 
lICuriln Th~l<li':n.,' 1I(1X'1tC'R'ß. Wrlhi :I dielaZcluaSlC1 <krTran< 
mlll~' ol,e SDA-L:llunl( "'"''' <km ACK·B" .t>. r.. dre Da!enOb/o. 
,maun" t>rendel. ~a'fricn <k. M_ eure SIOj :tUl"" [);c /,.", 

wrt~urc d,~",. K<>m'nun,k..&Iion .u..s In B11rr15.14 H"dtuthdll. 

.. ., 
IIC:L , t 

; • • . , 

----

R.U J. H 
S~'l ' -.l 
~r, 'I'.wqo" ... ~ 
N,,,, I ' ('·R •. ~ 

8.IJ 5 U, 
I At"",.I.a ,,,,. 

.f1Ul.t ,,0#.1_ 
I'('·R"-, , 

SOA '"T\ I »$tI I 
, I 

I I I I I I La \.u:... 
'-- .. 
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T"HII~$.7: 

"'~j/>tJu d~l 
""/'"(ßl>'U. ~,,,, 
JlC8WJ. 

". 

(irltl" ," dIe SIar1-tUC"n, J("ft\l" "ern c ... ,~n Dalenb)'\( und d;t-

luttehllnttem .... CI'· BII ....... ,e dJ.. Ictftt D~trnb~·tc mIt ACt.; ·I),t und 
"""'hh~llc.lI<kr SIOP~1II 

1),., e .... tc' 8)1C "",h dtr S'ar1-tU<:1II ," d,<, Adrt"\\C IK< Sl~"". 
I),c>c Adrdlb}lc ", '" I< (<>IIt' lufgcb.atl. o.e (.,enlhdlC A"""',,,, '" 
7 UI1W.. ,.0 .>111 und ~I~~. dIe Oll' 1:>1 b 7 fk<, Adrdlb)," DII.1 
Oll bO ,L~O) tk, Adtl"ßb)t<'\ ""n! fUf d,<, R,chlung"'n.te"c ~. 
{R<'~"'<'J dcT I)~'cn 'ff\IIeu. 1\1 RIW ,beh .. I~. SO he" \k, 
\1-"IN 1)~~n '"0111 Sb, <' IhnJ("jt('n '" ,n! mll fUW tt1e,eh .• cr arlttc· 
1("16:"" d.o dcT 'l .... "c. Ihlen ,um Sl~,( KU, Tabtlk !o.7 f;illt dIe 
Ikdcu,un~ IKI (,,,,dMn On, dn AdITßb),t, nochelnnul Zuum. 

~" 

'1',11 1.<10 

"' .. " '" b' I "I .. bC 

~ ~ " .' "~ I " I '" R/W" 
°R/\\" • 

, .. 
\!.I.\I~' h .. " "'n. Sla'" 

"'''' ,.er \1.<\1<'. ~~il>t lum S)~'c 

Die BIl. b4 t>" h7 dc:. AdrcßbYle, be, EEPRO~h h3ben dl<' I(OO;c. 
run~ 1010 (l)a," Code), 31>0 Ah Die Bit, bl b,. b3 "el'lkn be, 
eln'ien fEPRO\h tl.uu '<'''''cu,. um dem BaU'ICln Clne CI~"" 
A~~", IUlOOfl!""n O.mUl '" ~ mOtth"h. t> .. lu ao:hl d,c\(I" 83U-
'leIne ~uf tkm Du, IU helRlben. Obd.u 'CI' .... cndcle EEPROM IIbn 
d,cw f!hl~lcil ,mu~!. muS ,m E.lluclfall.m Dalcnbl311 des B~u' 
"cln. Ol>.rprU(1 "'crdc:n, 

0 .. , In d,n,c,m Sc"p ... 1 '"",cndnc EEI'"RO~I ", c,n AT"..4C16 "Oft 

dtr hrm.l A'tMl m,. 16lbn f!{l41\ 8)le) Spt".~hn D,~ 8~u,'cin 
'~~1 IIbcT kll", "drC'llc.lnJ:~n~ "',e oben ~hn<'ben Die B,,, 
bl bt. b3 ",mirn .pIOrim und brauchen nichl bcrochlChtii' lu "<1"-
fkn p'n 7 . 

\I .... h.c filM tllle' 1>.",_ s,::d Olle l1li f..EPaOM ptOgIm 
m ... ron ,,·~.I 11U1. "' ... '0111 vor(_" "'5...,.) (lfto ~,!'tt'ln' 
cOttlr"lk.) Ir. I, ... ', .I", I' I .Jh .. "V I. _...." Sta.tot.h-.,..." 
An",hltcllom.J mul5d ... wr_' 4M On., Sd"c·8~~ {AdI<8b,,<) 
...ndcn 1>_ 8)", t! ';hI_dn Polte IOIOf!>n-ta- Codt) . .I .. , 
81 .... 1·8,1,. d,C c,"'" dtt ... BIoc:b _ ~ 8)'1<' .tOTnl<'l'fQ 
und .... hhcShc h du IV'N·BII.daJ .. Sol 7 IU.Ir ...... mu8 Ib, 
1+I'RO~l 'IU"hc" dll empt,-"W BJ'IO _ e;;k'" A('k·B" I>.r­
~ufhlß ... ßIk' <Ir, .\1 .. ",. die 8)"1O-AII I • (die " .. n a:hI H~.). 
d,e ",t<krum .tuICh Q. f .... J'ROM qlllIUcrt "etokll !II .... 1)1 "'" 
Sf'C.d"' .... ,clk Im II:PROM "" i IIIIIIId der ~ "- <4. CI- H,ld I_'_f: 
,enthch Da.enh)'" IftIdcn N..,N:tII der N hr" A('K-8,'.s.... B,,, 11 ,,, .. ",,/ 
1· 1· PRO~h "mpr,tn,<~ h.t ... anf'l«'" Pi"" ....... l1In'. mdtrn Cf ...,~/I,b,.'df'.,~ .. 
Ci"'" SIQ{'bcJ '"ruII~ ~"llCI'lcn w,,'< . 

Vm n"h. bel,lC<km 1I) •• dltV PlI ' 
"'11 der An.!<" I b c ...... 16 B}1c 
Um cmen Z", ,,,,hen'f'CKhn. dCf .. ~ 
IC'Utt r 
'mGr,CII...n l _ 
,un~ na.:bdtnt ACK·811dc1 

bell ""'C" 

••• 
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B,ld 5.16.' 
Ir. '~·R(,,J ,m,1 
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I' N n ... hokm <k •. \I .l,'~r d~, AC' K· Bu tlr, ~Il'~n 1)~I~nbyl~' e rup· 
I .. n .... " h.tol, ... n.kl e .. "1r S'Of'bn!,n,.."., um <kn 1"roJ~'IIl ... r""" 
,an, 'U .'~rt<n [)"''C' \ lt,ht'Ck """'" m;u1 \l ull,b)le· Wnl<" f~ n. 
"\,In "",I"",< 8)1., o""nra~1 und Pa~c, W" .... f.lI, n",n ...... " 1C"1c 
B) .... ubo.·nr.~t"'I<'" P~~el ... , ". 

\I, ... h'~ "~,n eIn t>c."m""~, B) '< .. I> <krn 1'.l.'.PRO\1 ~M'n. h;u.do:J, 
e. ,,,,h um ~,n 8).<'R( .... ,.~r U,ld !>_ I6a l Droc:...: Prou-dur ,!ellhl 
hl' ,u. H,.<' A..mc .... und <km .. ",ht",fkndo:n AC '" -8,. e,,,,,rn 8 ) 'e­
W".., T~.~hh<b '" r. ~",h .rn 8"<'\\",,, •. da drc 8)1.·Ad",* 
In. R~~"'rr "'" U,PRO\h , .. "hnd>tn ".rdcn muß, Ab"'e ' ( hc-noJ 
lum 8).<, Wnlc muB nun t>c,rn Rc.ad e,,,,, '''''''c Sr;Utbc\J ln)lUII' 
I<'><'nokr ,,<!\kn, um eon " .. u."" 1),:, J« Sc-I«t· 8) Ir rrn.nr lert.n 
&1 d ... sc: m '" C.,." I>., ".-Scl ... ,. 8) le muß db RIW- BII .• 1" ...,.., 
:>iao.:ho.lcm.J;r. l'.hI'RO\! dlC"""" B)le mll ru ... rn AC K·B" qUII"." 
h~l, "",ndo:t co 0.1 ... [).'enb).. I>a' rrnrr ""ge"" D~'c"b)'IC "'.nJ , 'o.n 
\b,rc. nl.h, '1l1uuen. ,*",'<k~""n ",n! rur dIr 1..<'11<1311 •• de' ACK­
Ru, 0.1,. ~ t)A -l-t"un, ~ul J tr ,h t:<'h.:olten Oun:h CI"" unlChh.60:rrdC' 
~h'rbo..ooJrn~lIn~ t>c.,noJc, <k. l>b"er d.e 1)1Ienot>c"r"a$unj! , s..::no.k, 
hlnsefcn <k. l>'!~"C' n;o,,;h dem ,. mpbn)l CI"", DJ,enb)',e, e In AC' K-
11,1, ""',,, .... , U 'I'ROM .lre l)~'enau<gabo.." >olan,~ rO/l. b" de. M~. 
,'elle,n AC K·n" mehr ...:noJc, und d,c ll.llcnubcl1ragunll mir c,n<r 
SI"1'h<'dln~lIn, '-ndcl (')ll nlld ~. 1 6b) Da, ",,"tk,holrc L,.,,,,n 
,11> CU"" bo,:"I!n""en "d.".~ ne"n! .... n Scqucnllal.R • ...t, 

-

- ._. 
rlü I"'~'_"'~n r."". UPROt.!,:r..-lk ....... n IJprKh lWIKbc: .. 
Z In> und 10 rr .. , Je IUth BIlUlc"II1)". dir _tu..de .... Iknl< 11<". qn -
1"'",- hordl..:bc: l{,r.I~k IItno. """""'_ •• ~D Bo '0\ IN" ... CI' 

""".1- 1-1'1I.0l>1 ,,.., f',"fI"mvn ......... nidtrt ~""<11nd"..,..'lCh!. "" 
.. n .. I "'dglr n r. "",h • • ~f t ..... enw: I Daocniu:oen..,uDJ_ 0...-
\l,~".>o. .. ,,, ,,,,lIc. rrlU&t ~h" d ........ tmII mOfIrdr f'r<'IfiII"m,"", 
"".'- 0.1,,' tln Hcn,dlet an,rb! ." .. _. bc: .. ,.." elflt _ I~ 
ubo,:nr~n, In',uc-n l'm doewn ka-"',,,, MI~fU(, .... ,,, fkn '" 

' . 'TIlC'loJcn. , .. bot, HPROt.!. e," ""k"""kdrcl'ott"'l (<'IDe-'11 
{\nl.are) Imr lcrncottltn S .... , drc f'InJnmrruu'<1I abn ....... <n .h. 
ludern no.. h ~ ... tua..,~n bnnu..., WIe T<"f9t"i.~, u'w, .blwlat 
JffI<"o<tI .... r MI~,,)f;OIIlf'OII<r ~Int _ Stmta..!>."...., oJIkl iC'fI<k, 
e In Ik~ '(e " d.,,,,-Ry'" tUm !i,hle,ben (RfV,..o) Sellrc da> 
U'.I'R<l M mIt ,k, I'.o".m. 
rnlu\ln, k il l" ""n. ~ n 
~ In AC' I\ -8" u"J der st,l,.,.. Hlid _~_Il: 
(OnlfuJl~ . ,CI 11 0.1,< (Ibe._ ",'L-, ' I,d(~. 
1",~unB 10/1 ,\n<kmf~11< 'Bno- 1',0/1"'1 
n~rI da. H-PROl>1 doe Anl",. 

BC und de. Mlkrocom.oltr. 
" anc" ,,,,, ""~ Anfl4~t "B' 
IJlld 5.17). 

Dr:< Sch.r.hpldn IUn, An ... hlull 
CI"". EEPROl>h A~·K'6 ... 
d,e I: \1'"'"mo.·n"('I'I~hne ,,* In 
lIi1d !>. IS 111 ""ben H""llbt,­
""hmr:n '" lNeI ""n W,okNUlri 
(R_\' \lnd e '" Tr,jrI",,",' I 11) dir 
Auf,.lhc c ,,,,,, O""n-("oIIcL,Of 

Au'~;,ngo. UIU L'''''f'IIt,t>cI_ 
,\u'IlAng 0.1 ... lhPRO"'h lIf 

"'.n 

SI" h 
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Hdi$.Il/: 
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,iuplllllll" 
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.. ., 
~ -

' ~ -
"Ooell • ... ... 

W,lklo.Undc" 
R I R.1 /0 ~Ohnl 

Ii. orok ", .lton:n· 
('I IIXln/' 

-)_.~ ::. ~ , .... 

-., .. " 

11.11~l.-lrc(" 

[("I -- H.PROM ,\1; .. 1<:16 
11 • P:-' I·· fraRbJ<tor lIC.\H 

[} ... , Jt>~n.I'\.dl~ f'n:o'("d.mm .... hlcltll ("In O)"le ,n d.1.~ EEPRO~I und 
1of" ~ w.rorr DU' N,.:h!km fUr die f'rogl'llmmlerunll d ie SI"f'­
!>tdlnJulill ~($("lIIkl "",den "I. "lid mll Acl""",lnlgc.Pollllli auf .I,. ,\CK On Ik. ~.E; I'RO~h ,c"antl. be\"Or die !'roIl'lImm3u' 
fuhtunJ[ (rlft'MfVI ",1'\1 L)I(" flll/t'lnen Teile de, Progr:unm~ l(\tl. 
,..,n..,1lr e,nf""h fur fl"''''' !'tuf.rwul"Ie bel1ln'f'O~ werden. 

I)'f nu\Om.tk I)~"'nul:'tnr-~....,-r.u( bam I"C ·0 ... beu%t l .. ,~hcn 
100 ~h,ll. und 400 ~hll'" [}.!d'm;h thJrflf c, I.flne Probleme ~~. 
""n, d,~ Schnlll'k'lk !.(1ft" UC'~, , .. Implfmenll~n. I)~ der Bu. 
',>lI.IInd., .wl .... h .". "ln: SOf.ll" (I"" T.u.I(~1ll ' '()n 1 11, LU' 

IJiI,."~. 

- -
....... . - ...... .. .................. .. .... .... .................... -.. ".-

11 .. r <>0' .. • .'''''' 1 .... ,.,;. n 

.\10 " .t-, • .s.,., d,. M. 
I ,..,. ..... -.1 , 

"""",,,li "'''''''''I ~. p .... ~ iu Er.» ,., .... """'­
&bq_rr .. t Ik' I ... _.<Sott. "". ~,. ~.,.,. ~ 
Jtt~OK: anq •• r' • .• ~,., ~... •. •. _.oton I .'."", ....... t 
AUOJlJl1 .. . "", To., 

. .. .. .. ... .. ... . .. . .. .. . .. .... .. .. .. .... .. . .. .. . . . . . . . . . . -........ . 
d __ '-~ "llJ 

ne iIf ~l l d.! t 

... ....... .. . - ............... ............. .. ..... ...... - ..... . 
,. ', ....... ' .... d. f1nl·. n 

• 

• ••• 

· ... 

............ ............ .. ......... .... .......... .. ... ................... 
• U '.1_ • " .. -
'" '" . ",,,., • , . 
~ ~ " '" ,.. ... 1 , .. ' . ,,. 
~ ~ " 

,., 0 .... 1 ~ .. , . a: 

.nd_ •• .' ' " .. , 
~" • • ... ". ~ .. _ .... - ... ,- • ObIOIO(X\OI ._'e ... S.I .. t • .., - .. .. rn. ObIOIO~OOO ._lc-Ml..,' • • - d.o'~1 . - o.t.q.t_ • ~, - " or.' • ",. ~. . . ',U 

. .. .. .. . . . - ....... ............... . • •••••••••••••••• •••••• •• 

.. ~~: !~!~~~::~!~:~ .. , .. ., ............ ;........ . ........... . .., 
~, ., ,-

.. 
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• • • • • • • • • • •••••• •• •••••• ••••••••••••••••••••••••••••••••• •• ••• 
P','V,a-. ... ... .............. ••••••••••••••••• ............ .... ..... 
Il.10. •• ., 

, . 
• 

'r "r..- ~I, 
,an. 1I&1Il'<I 

.. ....... . , ................................. , ........... .. .. . 
", ., 
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5.3 Ansleuenlng einer LCD-Anzelge 

5.3 Ansleuerung einer LCD-Anzelge 

In 11, ,m AI>\. hn,n ","d d .. A",,,,,,",,,,, "'" LCO·Anfn&en h:'. 
'I','.""'hfn. <,I,< ... 1 dem U."D·<.·onuuIlcr HDoW711O , .. n H,to.;hj okt 
W'I("!n l.on'p..uI>kn 1)1' NunuI Sokhc AII.!('Igcn .,I>! es ,n oktI 
IInlC'f'-'h, rJhdoen Au.l'IIbn.i.,..n. so I B ('In bd ' .. rlC:~h, "'" 8 
bto 40 l"" l~hm pu> l,tlk< 10 cliu .. ", Baopwl",vd ~,roe An ...... InJI 
l"' f ' l,t l"'n UI'HJ Ib l..ndIen pro htk< wrwrndo'l Alle CI>trIqo.o ... 
J<'n l on roen .I>on f.\I twIIIbImb MIt dic andcnn AI>l.(;gcI)1'"'1I 
Uh:'m.n .. ".,.dm. ob der lMe,ne "uthau dorr "01ft'fll.idI IM' 

m,n, nu l - In lkI' "",.obi der nosIubdl hoDaupen L,{"D· Tn:.1>tt (b,,,, 
um~"~h .. ,,k:1 Ila. "nlfl,..modul wmml !!III flner eln/'Ien 

VeROrJunr"l"'nnun. "'" ~ V .~ On """,Mull an ~"It'n !'oto. 
!.roconlrollc. '.1 ...,h, flnfKh un6mol&t t'fIt"O,rde! Ut>n ~, ... n.j ode. 
!\ Oll !)n,lIen Ou', \1()o:hlf man Pt.ruc.NftICI\ 'p.n'fI ... ihl. rrwI CI· 
nen.j DII ~1I~n Oll'. mull <lann abrrd,e Dokn 1In4lkfehle In ''''~I 
GruPPl'n vonJ< 4 Bil ..... ~Ie~ WId Iun.e«"lWIdaubenr.>l:en, D,e 
H",p;&.flli~ aß t~lIunlfn .. ud donn d\ln;h einen ulU'OlIIjtn:id""fn 
f'rogrommcock e,l.dufl. 1= h:',~ l'IIt'ßleh .... ,,<1 hier die ~ UII 
".dle Üllt'nflljl.Ung '~r" 'fndcl "fnkn. Neben dc-n lb.enlei'~n~fn 
""frdc-n noeh dn:I Slwo:rl~lI"np'n brnObl'. "m dte "IW'I~ ;&II1'''p"· 
ehen. o,~ An",blullbelC'J""I des ""~ An/tljt<'mo:>dul! 1,1 
(je, ·"'~lIe ~.9 I" emncbmcn 
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[,)", Sr-ono Inll "'" h~ '''0 \ldh <l<-n "'<IOU .... ,llkr Anulj:c <'111. 
11I>hd'e1'Vlcioe .. onl dle Sr-onnun~ uhr, e.OWn SJWln\l"'~c"~, d.o­
... m bn.U$ lu~dllhn ,,,,!>C- Sduhpl,""l OK" dr'C'. Stnll',i(nu1l):cn 
I'l'Jdn drn I)~trn'n\rhr ,,,tl u .... IU' AllletJC (.,etM, '1'Il~lIt !-.10l. 

" " , 
" , 
, 

hnklloa 

.\n ..... ~ dulh\lcn 
~nld", .~h>I<" 

"'1\1'11>1 OIItn 'Uf ArvdJe 
I,<" 1)olt1> '1111 de< An,dp 

I),e Sll.·w. le,!unJ " , U:n.1t>!el D lmlmldt~\II~;~" d;~ Anle ige _ hl 
d'e A!Vel~ akl;' le" . IIt1<''fW1.lfl die'\(' die Zll~tlndc der t>:oldttl an""· 
",n Sl('llrrlrllun~~n und ..... "el d.Jna.<;h dir Dalcnleilungen c nupre. 
dlrnd 8u; W,rd die An/Cl~e 1k,1~tl"lCn ... erden die ZU\Undc ocr 
.nrk",n S!eUCrkl(un~rn "none" und dIe Datenlcllung ... n werden 
hcl<lK>hnug (Tn·Sl.Jtr) g ... ...:hJhrl. Oe, I)JICnbu, l ann dan n tUr an. 
IkI1: 1.",C\: ~c w .... cndt( .. Mkn I),e SlnIrf!citung R/W IRe3dlWrilel 
"glUl"""'''. ob I).len 111. An/rl~ jCc",hncbtn "' en:\cn oder >'Oll dIe' 
loCr jCCl<: ... n '" erden .... "Im Sc:hhc6hlh ,'bl dIe L.rllung RS (ßc,i~!cr 
~I«\) ..... ob r, '",h 1>.:, den Ut..-nn.~eMn Da!en um Befehle rur 
dtn "nlCI~CIIl.:OI1!rollc, O<k. um 7":lCtltn. d,e m die AnzeIgt" Je­
\(hr.."l>.:n '" cnkn .... ll<:n. handtlL, 

UII:INwl~,jC " ... de, AßI.;ohI der 1""l<:n und 7...,lctM,n prO 7..e lle. "Cf. 
flljII der ,\ nltljCCnroIIlNlln 11 1>4471\0 1I\ltr SO B)le InE~ RA~t. 
au.:h I);lu D"I'II) (l)D) RA \' sc ....... nl: dJ.., 'ur IhrIlellung der Ze,. 
dirn In der AIIlCljCC w"nt Bel r:ncr ,""ellClhjCCn AIIIClI/<' mil 16 Zel' 
chen l'fO U lk "l dtm «>!rn 7..c",tltn (d.o., IU~I hnl c Zr1e tltn In 
Ikr 1, Ulk) <hr MAM-Adl'C'...,,!lOh lugconlncl ~ Ad~<1M.ms 
crfolll1 ... <kr tNm ".oie dann "'eller roru..urcnd b" nlr 40. I\:e!.lln)ß.. 

dl . ..... ' II.AM •• "'d m _,Iawdnd '11 0;.. 7...,ochm der ,_ .. ,""' 
Ül lr"c:f.Jcnubcf,. .. , p4Ohbir,67hana pt'od_ Mk'* 
11\101 .1"" ,. 8 ~"Z.!;t · l.dIr .. I'Dt;IhOllI~OIIll11b .. dhIU 
d<-, z"'cttrn I.('I~ teIVdb .... 1(1 ..... _ da 7 ... "hm In die Do. 
II. ... M AJreo.w42htdft_ \'oII .. .-........a8>1" I>I).RAM 
",aoJ n...!u,lt.;h UI."(I(IIIII' rwnIlllll16._hlftlit NChtbar Slrlh nwI 

.... h dc11 Im-RAM Des: t I. J .. -1C«I~lIm ~or."" Il10<'''' 
m;on " 'uQer ..... o:uI FCTT" 7 _ lWrlF II 16 Zetdltn, Der HD6oII71Q 
uniru tIl", Rdth!c m' ,I, 5..tl). dir·rg C' f'mIIlo. n.diI hnh lind 

m: h" ' «1\ hl<'brn k""n lJIl. II1II10 77 'c e Beftldwe d .. D().RMh 
.,.h,l>..;- 1lI n1.Khc1l (BIll 5..19, 

, , , 
l.-'_"._ 

Neben drm DI)·RAM verfll,t der HD«7go noch uber einen 
Ch;uao; !~. U<"" ... wr ROM (CG-ROM) UIId CO·RAM Im CQ·ROM 
(7..:I< !>c-n .... l/jl.t'llClölIorl beflDdcn Ud! die r~cn. dar· 
'tcl lb.o.~n 1.e.dlrll. wahrend Im CG-RAM d '.1 n,hdle !I ~ 7 
beLK"hun""CI~ .~r!l ~ 10 l'IIntIe bidIcn vom A,lUltJ 1 Er pne. 
""n "erlkn \'lIIMn (BIld 5.a). 
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5.4 Teletonkartenleser 

D,o run~"on unJ 11<. Aul'tl.ou <k. G, llubcn~.utc "I. /'>tlcnitKho 
"'''''''n .. lch ...... ,m f .. l,.,n&n ~,nf.ach &1. Ttlcfooh<1t t..ul,hl>Cl. 
a;nJ ~tl'". In ullln:ldW:'n Pubhl ........ cn offcn~tk,1 "",den Auf 
der Tdcfool..nc brhmkl ,,,11 ",n 0,,1' ml' In.,naml 1()4 S n 
SptK .... " 1>1"II''o('n Ikl <km ." .... "nJciCn CI"f'I~ I' It.anJch c' ''''h un i 
cl""n ",n,'rt:"""'" l.>h"' •. <kr ,,~.- h IICNIlIc:.''''''''''' ,Vcrhrauc;hcn 
<,kr h"""'k"l nd" _hf lwu..·~"'Ul:>&r .... 1)", ~uiktl'n M...:k cl 
11(' Tddonl..nc tni'pm;lIcn <,k .... n C'''''' Krt<!,.· ..,a,r audl 1'.(' 

K~IW, 0.:. n,,1' ",m,,,. ,,,:h hlllier ""h, K""'.olkn, dem loOJe"",.­
:cn ('h,I',,>Odlol, .... 1 <,k. K..ne IM Konw,..t:agc: und ·t:...u .... hn~nl' 
l.,n nun ,,/:I, ld j_~ "ni""hmen 

V .. CI •• QOIfD 
1UT~1 •• c:. ..... 
Q.K CJ . • C'J 10 
HoC ~. . • (:I HoC 

--_. 
1)>( ..,111 K,,,,'.all< der ("'J'~lIIltn "trdcn mu Cl b" es dutth_ 
.... mm."'.n. o.."'''nd SI'1I11l\lf\~"rnc><JUn~ (('1 \' ce)' R<:>el Ce::: 
RSn. T,al. (('.1 Cl Kl. \14."" IC_~ G:-<O). Pro8rullm~"piOIlnung 
\('6 V ... I - d,c I>c, MUlI",n C'hlp~""cn nlChl meh. bc:no .. ,. ",ni. 
d.16~ l'roJr~mmk'''l'''nnun, dmch l..odun~'pumpc:n ~ur den a.'J' 
cruut:! ,"InI, und OaIcMlnpngl·&1l.,..anK (C7 1101. 0.... KOfIi.U;..c 
C.& und (':0> ",10.1 fUr ru~unlh~ An,"~ndun~cn "'''''''',cn und n...:hl 
~hlot.l.o:n 

I ... TtIWonIw1In ... ., 

lk,m I_li ,,".11111 11" •• 11:'1' '1' ' rt,: --s-r_I_ 
1« 1().1 B,:I-I-I'MOM e., ' - , '1 - 'I'.. . .. _10W',IO:k •. 
icn 8,,, n., ,, . '''''''' i E LI" •• &,().Ia hMII 

fltr~l' li""d cwbtfdllh 7111_ • " a .bllpal, 
"t>faurhtrl}C.'Gr'mw."uM' ,h., W' .... ~11 
.... ".tc Bn 1 ,,0 JIr, IIn~AI .. _ ..... 

, 
MT I, --'1L ______ -• 
'" 

• 16-ßu-ItOM f\h niebl .... !Indnttue DII .. _ Hcn"I!tr· 
((,'lh(run~ 

• K.Il,: bloÜ,c,~I:IiPROMflIrl'" MI I 1iF dllllllder 
T~"rh:u~ ,·"m (" 'lIlphit. '-lw "'.. 'cd au hp 

• 4Q., llu bloc ~ ,~ro..rc:. PROM l'Ir hin 

, 8-ß'i,PRO \1 ,n~lu.,-.:'aIaF' ( U 

• 

[>oe: funf"c!h,c 

und "h .. 
... :h u, .tu. 
(!\3Ibb)lc~J 

lWiI J.JJ. 
~/NJ/I~ .~ . • ' . 
,MlM.ot, ......... , 
"Mt f)'nch 

...... K/IJ'u 1WI • .a, 
ISO 1I1M· _ 
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5.5 Magnetkartenleser 

Do~ ~u6frfn Abmc--'unJ '" CI"'" \1"1n.:l~""e. d,e on "den !km 
·htn lU Idenuti .... uDfl""'«l<-n ~tnO(l'IIk. "',ru. und d,e LI~ dc-. 
~1 ............... ,kM owt <km T""C"I"fIU!m~1 .. nd $(norml t;:,n.: '}I',. 
"ht 'b."".~an( ", ,n lutd ~.u 'u <4'Mn Doe ~1I~n !kyr. 
lU"$"n Ikt "a~nrtl.""f mo,wn lau' ISO 1810 ,n dtm Rah....,,, Ire. 
~(n. tkr ....... h ''''"t1 ~n..:ho: Rn:lude rn.o. dtn Ab!nc."!.~ 
!l~.71 nvn \ ~m 0"" uro.I !t~.41 nun \ ~ \92 "'"' gcbtkkt ",utl. 001: 
~ 6;lm dcT ~""" "''''''CIl e.nen tt.bu."\"IfI ~.18 mm AIr. 

ti.~ ". 79.10 

L ttrr • I 

~ 
I 

NI ~ 

On !k .... ,dl fUr "'n \t~ncl'l'clkn '" ml ,n Iklut auf d,e otx.", und 
d,,, m:h.e ~.:m!~ der \b~nc:1~""'" ~n~geMn O~I ""'ru ;mg"'r>Om· 
rrocn.1bII d,~ "an ... \(I Oheohen ",. ",je ,n 8ild ~.23 ~/c,g'. Da 
" ..... ""blrC'fcn d.orf m,uonu.l S.~ mm "(MI der o/>cn:n und 2.92 mm 
"lnlkt m;h'fn Iklug'Un'~""ftmc hc~n. Doe 8rriledt~ \bg .... · 
.trclf~", Iwog. d,o,\Wl ~h. ",,,khc Spurrn "tnOcndrt ... crdc:n \Ollen. 
... .oo;h Ikn tSO·\'" .. <hnhcn muß .. eh der \1~,ncmrc,rcn bl~ 
11.l«) mm unlnb.llbder ~n Ik.u~..w.c CNJ«kcn. ... ·mn man 
lIIlt Spu.. I ",,", 2 ,tnO"","",1. und 1 S.II~ mm. "'"on man noo;h ~lL 

.. 
lI.hd, ... 'i~r I '_carIec 0. ..... C, 1811 .... 111 .... 
n.:mAb>I.lJld\'Oll 1..,..-._ .... ·'1 , EhEU, 
"" f dem M.tpebI'f.fm MrLrR p" t Ob 
1).1, lclt~ l)aU1.I 1111. d I NI bz ' Mo 
l udllUl.Kt<I~1IIbnc) 0Icd).b1Ct , 11,6,91_'01 
dtr lrn~tn K~"'1f U;'"" 

In IklU, Bul die .'0 ~ dtr 
l,.:,o~c der 'ipu.r.:n 1 und 2 dIIrdI 
durch d't ISO 1M 11 ' ~ f"'Jlrlett DIe. 
lIild ~.!9 ... ; dcl"Jlt~(hcn 

, ... .. , 
I le UDd la 

IlrU ,~.19 
/)1# l,jj/t~ d~r 

.Im 1.\0 

Spw"n 1ft""" 
IwIbdr. MUll' 

""", .... /" ... 
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,,~ ~hc:r ~n dort M",nc1~ .... cnl~dln'~ I.Ibl" h So cnl'sm:.;llcn 'm me­
In",""n I.ntor,'e"') ,'coo ol,e An' .... n 7~ bJII ' BII"mm und 21 0 bpi 
M.1811"oom 

D,,' Il.INdlun_ ..... , "',L' ... torn ~uf ..... , ~rur I .. ,,01 Inll 7· B,e. JI.l..1u ... 
,·c Clileltl Par.I.",' B." .. de 1><. ol,e 1)~len·lhh ~uf un~cr.odo: PllIldl 
(~ .... rt. ,,,d.(11 1)~lmtlol,,,,n "eh .ul d,c..c-r Srur ~Iph .... un",n.che 
1..o:"I1<n unl(rt>"n~cn Auf Spur 1 und ., .. cnkn d.c l...cK htn II1II 
'.Hlt m~lu".r r,rttm p~ol~,,·n., ,0,lIro [)u",h doe '·Bll l>fcIICII 
I..,,, tocn Lluen "eh n" nun",,,,,,"" l...>hkn Im BCD-Codc dPt.Ir~ 

k" 

Au, de' s.;hn·I!)d",ht,· und der An~hl okr 01" pm 1...elCkn c'i,bc 
'ICh '" .... "u",'u" An/~hl '00 1"'1<1><0. d'e auf ,.-d<" Srur Fe,.;1!rt.e­
t>cn .. rrUrn 1M""n AufS"". l!xlr"" d,r", m,,,,m.,1 79 .• urs!,,,, 2 
" .... "nul ~o m"j ~uf Sru' ., nLl\lln.l.l 107 l...eld"," Die Ang .. bo:n 
~dlefl m~lu,,'c S""'·. SIOf>" und LRC ·/..c"I1<n. D., LRC ·I...cl<"hc" 
", d'( Pni",n~. lur den ~("""".n D~'rn .... tl de. cin/clMn Spuren 

I},r ,\., dr. (nd,"run~. 01" m.n 'c"'rndd, hang' "on der Je .. e,h· 
~(n " .... endun!! ob W""ntkl .. mI "",'" d,~~· und 7·Bit·COO,e. 
",n~, dlO m Ikr ISO 7$11.21x",hnrlxn ,ind 0..-, Wrwendung die· 
"" {""",erun~ ~onn ol,e An"en.dun~ der Magl"lClbn(, WtC be, <kn 
8 .• nl·und K",dlll..nen, ml,mJ!lOOJI «fo'8cn. 

I),e ("o<h.rufl~ tIe, üo<tocn .ul Spu.l un.d , (,fo'", lJu~ ' SO 78 11·2 
"''' 5 a" 1fI~lu'''e P~nl~I" 811 \f" defl4 0"., 13'",n .ich ln,gc .... mI 

16 I...ch:tocn .ur-Idlcn D.runle. Ixf",J"n "eh nurnen'Chc I.lff~fn 
'" ,"' .... n 0 u",d Ij Im 8ell·Code .0" I. Cln Sl3n·. S~OI'"' und Trenn· 
ut<:hcn Der IU~"",,"tc" 1..."chcn ..... L InLlu<l\'c P3nl .. l~.Bil ", '" 
T'NU~ 5. 16 auf,<!", ... 

O'e C<>d>erunj' der ... ...,"'hcn ~ur S""f 1 erfol" bUl ISO 7$1 1·1 flllt 
7811 ,nllu .. 'e I·...,,~',·BI' "'" den 6 Bit, b"",n 'ICh Ifl)g':I."m 
(I.I/...".;I'",n u..."dkn Oitruntcr Ixfn!tlen ,,,,h nun"'rl'>Cbe und .1· 
ph.u'\IJ' .... n"'toc llifern "'''00: .,n SLIfI·. S">p- un.d T",nnulChcn. 
Ix. lu/:Chori,..l...c"'hen .... 1I ,nllu'''e p...".u,.BII ,~ ,n T.~lIc 5. 17 
1OI18<h,,,,, 

• 

o 
1 , 
• , , , , , , , 
'" 11 

" J3 

" " 

Oie S· und 
M" d,(\(m 'u~lIl1chcll 
prlIfl "crden, 0. •. 

da O.I.n·B,I\. die 1oJUdI' ;~~~:::: 
ehen .. e.den ~"f UIIJe lode (, 

"elehn IUr ' 
dlcnt D" 
I', 
''''hlt 
0,,,. dIe 

T.u.'./ 6: 
Uk·Iont ... ,~ du 
'.BII.( qJ,,~ 

WJIU"~ 
P<UJl4l.·Btt 
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,J~, n" okrl<"U ... n 1''''''''-'" ok. l.RC1.<"K""'n,..,.,J;d),Jot An/..to~ 
r~r..tc ",,,,J D,~, "',.,...."'* nYIIIUI ~11t n"J>("I1""..,n H.." <k. s. 
nll'(\'1kru". t.o 1>" 1>\ "n..! ""', do:. 7·nl1·C< ... h~run~ bO I>'~ h',. 
JuBel drr 1\.",,,, ... oks 1'M1'~"-B,,< f)~, P.u,'~h -811 ck:; l.RC ·1..;,­
,""'," ""n! , .. , "",",lai '" I< 1><, <kn OMC1 u .. tocn ;luf unf~r~cIc 1'0II1-
111 ~IJSnI1 

four d". A,,1lvon~fR wn Inf<>rm.l!tO/lC'R auf d,,' M~Jl("ll.u1c ",11"" bt 
,J,t ISO· V","loCllnfl ,J,c W('<Ch..,h~~( ... hnh 'wo ,J.., ,luch u"'~. <km 
'\ "lom "~I- \hv..I.tIIOO t>c~..nnl N F11' bt<k-u1C1 .JfajtKo<:)/Joo.obk 
flnl"""") -. und <kutc, da, Pnn"" <ki \'~rf .. h.(n. 11" Ok'<l! Mooll­
!auoown ",",<1< 1<)'4 '00 All,'n cnl'" ",l.-ll "n..! clmOfllKh, n, Da· 
Icn un..! T ~~. ~(iI'IC"ln...am ,,\ <kn l1~neu"' .... n l-lu8",,,,,h~1 ~b.rul<'· 
~cn lk,m I"''':n "( ~, donn nl6F.l",h, <kn T~l, "',.,.... '''Iik- l.ulC~' 
""nfltn h ..... n<kh lI,h .,1", 1101)0" um IoClh,tgcl.JlI<'c 1)~I~n_ IX, 
&:r 1'2/"· \looul~lIon 'tl" e,n """neu ... · ..... 1·1u6"' .... -hloCl ,,,,,,,,hen 
I"ci T .... lInl<I',~lIcn e,ll<' 10jl'IoCII< . .I·',n IlInge,en I"::',. d", F~II· 

kn ~'n.:~ .,'k .... n 1·luß .. -""h~l, .,ne lotI,,,,,,,,, .. 0" an 

Be"" m.ln dh' ""I &:111 \!~~II<',h.pr H'rn MII$IlCIb.and aufJ(" 'l(IIIl' 
""'''''" " .. III1<'h"· ..... ' Hu6 .. «II",1 nullen ~~nn. mU,IoC" ,ie ,",. c,· 
""'" F:!I'·[)':,,!OIluIJln. !lau".,n m [)alen· und llIkl"gnalc Ikco­
d,,'" ",,'nkn I)~, Dalen"8nal '" onln", RDP (8.e3,J .12.11;>. flohe) und 
d;>., TJ~I"~n.lln"l H.(P (8.ea.l 1:.10.; ~ fIol",) beu 'choc' 1..u"'1/1oc1l 
'\I.IK''' da, .~,~n~1 CU. (Ca.,J l,Nd :i.i~f\,)l). da. cbcnf~lJ. .m, den 
ma~"""",""n I, luU",-«h...,l" ~r"'o"ocn .. "d Ei.< ''''81 an. dJ.6 (;/1(' 

m.lgn<II,,<"e K~nr am L::"'l(\\'r cmlMg leNj:cn ""rd, liefen ~""r 
le, .... Ic, lofnml.lt ..... d~"'b,:., "'~, auf \lern \1.tgMl<lre,rCn "chI. 
All< ~'~n~k ,"e,,)cn ,n <1<, \1~~""llOlI1c"I«II",~ ,m ~!I~emc'ncn ," 
nc~al" er I.opl .u'~du~n In IIild ~.JO "I <l<r >< hcm.:oll"':hc ,\uf. 
b.>u e,,," \l~~Mll.lflcnk . .., mit F2F·Ix.:0<k. und \len "'ICIIII';:­
$1<n ~,~, alcn <bIJr-'dll 

Zum L:: .... " &:, D~'cn,,~ ... 1c mu6 mMI "''-SCO. "an" gI/luge Ihlen 
...... Au",,"", R1W ""hc~ Je flkh 1) P oJc, M..,ndl.." .... le",,1' >lc'" 
eon S'pI.lI'w \'crlulf\ln~. da, ""r.:,~1. cbB c''''' \t.Ignctl..utc arn L::"" 
loJPf 'ort.:,~f"hn .. ,nj Ei.< ",,,d 11 ... an,.,nnn,n-.,n. da6 e, "eh um 
d.ü bere,t, b,:'p'o.;hcl\C' ('L~ ·Sq:nll h.lndrlt In fr-~gf kommen ~ber 
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I)e,m u, "n ", dar~uf lU • ...t"cn. dJ8da, "~""e"'$"" 8 u ( I...~kll 
luc .... 1 l U'""Ol N~dl <km h,xh""cnolen B" ( ~1 S8 ) ful" d~, 
t>aru~I,· lI u We< lI~h der Pc~1 dt, ("I...~.S,,"~I , ... '" Ln .... ",ur H~h. 
.,nd ,;,,, .m Au".n~ ,,~hen..lc-n I).,(n " ... 11, mehr ,uh ' ~ 1), ,, S,, · .. I 
',,' I .... re " .... 1 "..,h, ",nlnu.,.;h. ~ W6 ""'" 0./'('_' rrob"'mlQ'l ,'Ju. 
,ten l~ In 

In Ilild S_ll , •• der "n...:hluß t l ..... l>ehdllgcn Ml~no:, L4n~n" .,. 
"" d,e AVR 1- 'l"'flmtnlltl'pl.Unr ,., ,,,,,, e.n'll" \1",,,,,.l.anml('Wf 
'crlu~"n ukr <)pc1t('"Ue>.'<>I' Au,~""~c 8<:1 0./,,,,,,,,1) pen muß ru. 
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5.6 s.r ..... Kommunlutlon 

5.6 Serielle Kommunikation 

In '1C'1tn MI~,<XOI".uolk .. ppl.l~llOIIotn , .. ~. 1IOt .. ~ndl'. l>a1~n. a 
",., (iMm I'(' .. "u .. ~",hr" D~IU "" .... 'ft1de1 man ('tßC KnCIlf 
"" Nun<I"'''' a .. auf &n A"T"9(JS I 200 br",,"cn ~Ik A\lR- \-1,~r<Xon. 
In;>tf(, I~ li_,n I ..... ~ flMn L:m,~ .... 1 A,y""h""I"'" a .... tlwr 
Ir""""Il~'{UAkl) Dot [)~hrftnJ"",(r1ol" ",,,,,li und •• }n, 

~hron. ~ h n .. "', Mbrn dc:n D~ l .. n T.~, auf <'11"1<'1" ........ IIlo. 
ehen l..:IIuni/ Obrn .... ~" 

IM l 'brru ~~un~ f"l<'> B) La erfol" ~hr,hchr .... el .... n lOB,,, bn 
~l~nl:m. -.:hl [)~'fnl>,l\ und r", S1\~I' Dabe, ... "d d •• 1..';0 tLt •• , 
Sif:nir""nl IVI) &, D .. ~nbyl'" "oe .... ' ut>t-nr",rn S..n· und ~'''P­
b .. die""" duu, ,m FmprMl~<f do:n ""fe,n~ommcndrn Ih~n,.",m 
br , o,rr ,yl'lChr""I"~il'n tU ~önfICn. Da~, ~ •• ehl ob.. SCafluI<""n 

~U' tiM' III~h -Lo .. ·F1on~~..ur do:, [}~I<nICl!Uns Dann MI",h)",­
Ik nd muS 111< Dalcn"','u"1 C,M be<umma l..tu. d.< \",h aU. der 
I)JI<nll~r10111SunJ."'c~ e'i'bc .• uf Lo ... b"',~n Da. Scop!e"hrn 
bUI<hl DU. ~m~, Lo .. -fhl'''' ~l,,""e und.mchlotlknd muß dot 1):II<n­
f(IlunJ wieder rur e"", rr\lt l..tu (I. o,llu( H.S" t>kl\)on Oe, rln .. 
I).,!(nubrnl'llllunt"a.t ,."" 9600 Baud (ode •• ""h 1:1'« QCf ~"""'. 
bp.) i<, die I(Iet""" Au'Odrl>nung eH .... < eirJclncn Olt' "' ...... l/9600 , 
11>(1 pr~1J\C 1001 1,1\ Zu. Obo('\r~n!l tin,,, O)Ic. ,nklumc &r SIiIJ1· 
ul>d S.opbll' I'I<'nOli" man do:mn.a.:h 10, IOJ ~, ~ LOJ ,ns ( • .., .... 
UUd 5.33)_ 
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I'\lr .I,,' S,ltn.alrc~1 be . der .., .... lIen D~l<nube"r~~:,"g c\""~" ~,...., 
N"rm ""1 <km NJ" .. n RS .~.12 Be, <kr n.h·n~ber1r"~\lIl~ n.o.:l1 KS. 
212 '" ",I c,""" 1 ...... ' ... lK"n .. 1" <111 S,jtn.olp<:~<I H\II -~ \" t> .. - 1 ~ \". 
uM <"'" 1"~,,,,I.m .. 0" ein SIl!II~lrcjtd Hit' +~V 11 .... I ~V '0"" 
onJ~ D.> \1 ,l,,;..-oXI'rolk, ullhdICN"'" nur lTl, Pcgd 'lila,..,n. 
muS CI'" 1""<I,,,.lI1Jlung '<>qCcno"UTo:n ",(n!cn lruu "CN,n<k! 
n~n I B <, ... n \I"X212 <kr hnna \IAXIM (1,.1. der nur mll ~ V 

"<'''''11-' "u" UOO uho:r '"'" l...>dun~'rumrc "'e Pcgd n;ICh RS-V~ 
jtc ....... n Auf der ,..vR -I- 'rc""",,",errl~I'''' ,,' btre," ein ..... khc-, 
~~cI"..ookf ' .... te"'!..:n. d". ul>cr den SdYlie. S I '11 .... Pr;on, 1'llO 
und pm ,e ... lI.oh., "erden l.ar1n n .. Sub·I}-UU<II.., X I ,...")', rUI 

den "n..;lIlu6 ~n ",e Aulkn .. elt 

Il~, f"',end< ~t~""n "'g' ...... nun bc.'1 C""'''' AT90S211 ~ <'I>(" 
"'1l<"1I< ~')lI<"h ....... SchO,""clle ,n,t,~I",(n und mll J,e", ' . I)~,cn 
, ... ,,,,ben \lll...,., ...... 'roU ... uoo I'(" au',a"",""n lann Zu. De'II(Ifl' 
"r-~h"" "ml d~, uocr d .. ",,,<Ik S,'lIn,n',clle Cn1rfal\~("" Y..o;:l~be n 
~Ielch ",eik. IlIfiJd~e"'ndc' I'e"'" ",rd der ("'pf,lIIlt"...., Wen 
<k, B) ,n ""' P\VM -10:.11 .• 1 "U'~c~<ocn n.Ibc.'1 ",den Wen<n 00 ... , 
t> .. 1-1' .. , ('J!o.' GICI,'h'/'dnllun~ L",,,,ben 0 V uoo ~ V lUSeoW....,., 
I)dlllil dlll 1'11 \. 1'111 ,'U' ",m PW\1-S'gnal CI...., Gleidl>plnnUn, ~b· 
SCIl"ff.n ""'r<kn l~nll_ " •• ,n .,nf.xh,,, RC-hher n;\Chgc\ClI~ltel. 
In Uild ~ ...... "00 Ih< S,!:n.le RX, TX, PB~ und F,I1(r darge' lelh, 
\ l dll ".hl ~n I'B1 .. ", PW\l-Slt"~I, be,o. <111 nclK'r Wen ".iell 
ubt. RX e"lJ'r~nl/<n "unk 1)., SI~n~l n ... 11 dem R("·"'h~r ,,, 111 
de. Ku"< . .hl)c'-' ,l.uJe"dh HICf , .. h, nun d'e lun, P\\'M-S:~,,~l 
'U~(Ik'>n~ .... GkICII'r.,noun~ N ... ho.k", .,n Il<."I.ICr Wcll ubc.', RX cmp­
'dn,.." "ur.l..·. ~nd< ... ",h <1.1, I>W\I·S'Jn~1 (ca on <kr \Ime <k, 
B,I""" 1),,' (;"",,,h'p.1IInUnB"'l>Ikrun~ II.M:h <km !'oller '" be. "". 
~ ..... 'dl.n / ... ,11;>.0,,, nu. ~lIIku.uni''''c,,,, c"'(nnl;>.o •. d.> dlC ..... ul· 
le'l dun:h.t.o< I'o\l~' ' .. Il .... ~r '" ""..." .rkenn. m.m. dJ.6 da. 
ubc.'r 11. X .mp1ani .... SI~II.1L ubc.'. TX ... >C<k. l"n><:kSC",1I<k1 ...-or.l, 

l.um 1<,l<n de. 1I.",," ... n "NClI<kl m.on ~m """"n CIII T.munal· 
pm:r~nlm.m Pe " ß 11)f'<"I-T~rm,n.1 ° J ) und ",hl..:& d .. A\'II.· 
1: 'f'Cnmcn'''''f'I~h''' "I>.;, con li.nl ~ CI'" r",tC COM-s'::hmu_,clk 
<k, 1'("_ an T,1'f'I nun nun con I ... ",hen ~uf <k. lla'UlUI dc, P(\. 10 
'" Itd .t.o, ",Im ,WR ""'rr "'"g .... /J:'I< ""n "'Mr "'" den Pe luf\lcl-

5.6 Serielle KommunlbtlOn 

.81.!' .00.-"_-01-._-_QOI,'..:. __ ~!:'!:l..~ , 

J n w·------------ --------

IJild 5 . .1./: rlVAf -_~,~nil/ ,.,., fA:u"'t 1'8)) ,,,,d .... ,-h /-"i/""'''K f Ku"'" Jo'dlar '''''''' <tri· 

rll rTII/if<"'Jlrnt> ( ":~"'''' RX r """ /fr,rIlJrlf. B.l 'r (K,,,, ... no 

,c\Cn<k! und am ßild\Chirm .... 1<"'<1' .. HIU lIIatI d,c EOtO-Funk. i· 
on (Jc. Termlllalprovamm., alu,ien. "'ird am Bild".,lIirm <bJ, Y..ei· 
~hcn ,,,,,mal anS<l(i,,, ~c"'l< z.:;,bcn rUM "(Im k>Ukn ülK> 
im rc her. d.oo 'lOct(C la<;hen "I du u.UJoehlich JlM""'ktc und wie· 

de, tn!pran~c"" 

"'---

_~_J .. 

BIU 5.J 5: 

s,;""'tpI"" IJ" 
[)Qn/rl1f1116 du ,_. 
~nr.' ''' 
PWII·KfIIflII 
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5.7 Cycl lc Redundancy Check (CRC) 
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